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ABSTRACT 


Jodonium and bromonium di-(aromatic heterocyclic amine) 
perchlorates were prepared by a general method, which involved 
reaction of dry silver diamine perchlorate complexes with halo- 
gens. When the halogen was chlorine, no stable complex was iso- 
lated. The iodonium and bromonium di-s-collidine perchlorates 
reacted with D-glucal triacetate and 2,3,4,6-tetra-O-acetyl-s -D- 
glucopyranose in a modified Prevost reaction to produce, after 
deacetylation, 8-D-glucopyranosyl 2-deoxy-2-iodo- and bromo-q-D- 
mannopyranosides, respectively. These disaccharides were hydro- 
genolysed to 2-deoxydisaccharides. An attempt to prepare an 
a,.a-linked disaccharide led to a correction of the literature re- 
garding the synthesis of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranose. 
Allvréported preparations of this compound in fact lead to 1,3,4,6- 
tetra-O-acetyl-q-D-glucopyranose, which in aqueous solution readily 
mutarotates, due to 1,2-acetyl migration. 

Halonium complexes containing a@-picoline and pyridine, which 
are sterically less hindered than s-collidine, reacted with D- 
glucal triacetate to form quaternary N-glycosides having the 2- 
deoxy-2-halogeno-a-D-manno- and B-D-gluco- configurations. These 
compounds were found to have interesting conformational properties 
and optical rotatory dispersion curves. In preparing further 
quaternary N-glycosides for the study of these parameters, it was 
discovered that bromide ion had a profound effect on the course 
of the reaction of 2,3,4,6-tetra-O-acetyl-a-D-glucopyranosyl bro- 


mide with pyridine. An investigation of the mechanism of the re- 
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action led to the conclusion that the bromide ion catalysed the 
formation of an intermediate 1,2-acetoxonium ion, which in the 
presence of pyridine gave rise to ana-nucleoside. When pyridine 
was replaced by s-collidine and an alcohol was added, an ortho- 
acetate was formed .by ,attack»of. the alcohol on the 1,2-acetoxonium 
ion. Thus a new route to orthoesters in excellent yield was de- 
veloped. 

In view of the formation of an a-nucleoside from the 1,2- 
acetoxonium ion in the presence of pyridine, an attempt was made 
to rearrange 1,2-(alkyl orthoesters) of glucose to a-glucosides 
On acid catalysis. Of the two diastereoisomeric orthoesters 
formed, the one with the "endo" alkoxy group would be expected to 
rearrange to ana-glucoside. Since orthobenzoates and orthopiva- 
lates stall, contained mainly the "exo" isomer in the crude product 
aS evidenced by the n.m.r. spectra and other data, an orthocarbon- 
ate was synthesized. However no appreciable yields of a-glucosides 
could be obtained unless an alcohol was added. Analysis then 
showed up to 70% yields of a-glucosides. A mechanistic investi- 
gation proved that a rearrangement did not take place, but that 
an ester was eliminated, leaving a free 2-hydroxyl group. That 
3,4,6-tri-O-acetyl-1,2-anhydro-a-D-glucopyranose ("Brigl's Anhy- 
dride'') was an intermediate seemed improbable since its reaction 
with the alcohols catalysed by p-toluenesulphonic acid gave 
greater amounts of the alkyl @-glucoside triacetate than was ob- 


tained from the orthoesters. 
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N- (3,4, 6-Tri-O-acetyl-2-deoxy-2-iodo-a-D- 
mannopyranosyl)-pyridinium Perchlorate (19) 
(DMSO). (Solvent signals omitted) 


N- (2-Deox y-2-iodo-8 -D-glucopyranosy1l)-pyridinium 
Perchlorate (20) (DMSO) 


N- (3,4, 6-Tri-O-acety1-2-bromo-2-deoxy-§ -D-gluco- 
pyranosyl)-pyridinium Perchlorate (22) (DMSO) 


N- (3,4, 6-Tri-O-acetyl-2-deoxy-2-iodo-B -D-gluco- 
pyranosyl)-a-picolinium Perchlorate (23) (DMSO). 
(Solvent signals omitted and reduced amplitude 
above 6.5T) 


N- (3,4, 6-Tri-O-acety1-2-bromo-2-deoxy- -D-gluco- 
pyranosyl)-a-picolinium Perchlorate (24) (DMSO). 
(Acetyl signals at reduced amplitude) 


N- (3,4, 6-Tri-O-acety1-2-bromo-2-deoxy-B-D-gluco- 
pyranosyl)-pyridinium Bromide (25) (Deuterium 
Oxide ) 


The Non-crystallizable Product from the Reaction 
of Pyridine and Product of Bromine Addition to 


D-Glucal Triacetate (Deuterium Oxide) ,Experimental 


Ca lek. 


N-(2,3,4,6-Tetra-O-acetyl-f-D-glucopyranosy1)- 
pyridinium Bromide (26) (Deuterium Oxide) 


N-Tetra-O-acety1-6-D-glucopyranosyl-1,4-dihydro- 
pyridine (27) (Chloroform) 


N-8-D-Glucopyranosyl-pyridinium Bromide (28) 
(Deuterium Oxide) 


N- (2,3,4, 6-Tetra-O-acety1-B-D-glucopyranosy1)-y- 
picolinium Bromide (29) with Solvated Ethanol, 
Ethyl Acetate and Water (Deuterium Oxide) 


N-(2,3,4, 6-Tetra-O-acetyl-a-D-glucopyranosy1)-y- 
picolinium Bromide (30) (Deuterium Oxide) 


Impure N-B-D-Glucopyranosy1-y-picolinium Bromide 
(31) (Deuterium Oxide) 


Impure N-a-D-Glucopyranosy 1-y-picolinium Bromide 
(32) (Deuterium Oxide) 


The Product of the Reaction of Tetra-O-acetyl-a-D- 
glucopyranosyl Bromide with Pyridine, Experimental 


C.3.a. (Deuterium Oxide) 
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Fig. 28a Impure N-(2,3,4,6-Tetra-O-acetyl-a-D- 


Fig. 


Fig. 


Fig. 


Eig. 


Fig. 


Fig. 


Fig. 


Fig. 
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41 


glucopyranosyl)-pyridinium Bromide (33) 
obtained from the Product shown in Fig. 28 
after Removal of the B-Anomer (26) by 
Crystallization (Deuterium Oxide) 


Mainly N-(2,3,4,6-Tetra-O-acetyl-8 -D-gluco- 
pyranosyl)-pyridinium Bromide (26), Experi- 
fiettaleG.o.a si )ee GPyridine) 


As for Fig. 29 (Deuterium Oxide) 


Mainly N-(2,3,4, 6-Tetra-O-acetyl-g-D-gluco- 
pyranosyl)-pyridinium Bromide (33), Experi- 
Wetec aca. (itt). eC Pyradine ) 


As for Fig. 31 (Deuterium Oxide) 


Mainly N-(2,3,4,6-Tetra-O-acetyl-a-D-gluco- 
pyranosyl)-pyridinium Bromide (33) and Tetra- 
n-butyl Ammonium Bromide, Experimental C.3.a. 
(Deuterium Oxide) 


Impure N-(2,3,4,6-Tetra-O-acetyl-a-D-gluco- 
pyranosyl)-pyridinium Chloride, Experimental 
G.Sea.(Viii). (Deuterium Oxide) 


Crude q-D-Glucopyranose 1,2-(Methyl Orthoacetate)- 


Soya, 6stra-acétate, Experimental C.3.a.(ix). 
(Chloroform) 


Mainly N-(2,3,4,6-Tetra-O-acety 1-6 -D-gluco- 
pyranosyl)-pyridinium Bromide (26), Experi- 
mental C.3.a.(ix). (Deuterium Oxide) 


Crude a-D-Glucopyranose 1,2-(Ethyl Orthoacetate)- 
3,4,6-triacetate (34) (Chloroform) 


Pure "Exo" q-D-Glucopyranose 1,2-(Ethyl Ortho- 
acetate)-3,4,6-triacetate (34) (Deuterated 
Chloroform) 


Crude a-D-Glucopyranose 1,2-(Isopropyl Ortho- 
acetate)-3,4,6-triacetate (35) (Chloroform) 


Crude a-D-Glucopyranose 1,2-(t-Butyl Orthoacet- 
ate)-3,4,6-triacetate (36) and a little s-Col- 
lidine (Chloroform) 


Crude a-D-Glucopyranose 1,2-(Cyclohexyl Ortho- 
acetate)-3,4,6-triacetate (37) (Chloroform) 
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Crude a-D-Glucopyranose 1,2-(Phenyl Ortho- 
acetate)-3,4,6-triacetate (38), Experimental 
Daves Ci or Chior 6£6rm) 


Crude a-D-Glucopyranose 1,2-(Phenyl Ortho- 
acetate)-3,4,6-triacetate (38), Experimental 
Did erCidy)? (CC Chloxof 6mm) 


The Product of the Reaction of Tetra-O-acetyl- 
a-D-glucopyranosyl Bromide, Silver Di-s-collid- 
ine Fluoroborate and Phenol, Experimental D.l.e. 
(iii). (Deuterated Chloroform) 


Impure 1,3,4,6-Tetra-O-acetyl-2-O0-benzoyl-a-D- 


glucopyranose (39) (Deuterated Chloroform) 


Syrupy 3,4,6-Tri-O-acety1l-2-0-benzoyl-a-D-gluco- 
pyranosyl Bromide (40) (Deuterated Chloroform) 


1,3,4, 6-Tetra-O-acety1l-2-O-pivalyl-a-D-gluco- 
pyranose (42) (Chloroform) 


Syrupy 3,4, 6-Tri-O-acety1-2-0-pivalyl-a-D-gluco- 
pyranosyl Bromide (43) (Chloroform). (t-Butyl 
Signal at reduced amplitude) 


Syrupy a-D-Glucopyranose 1,2-(Methyl Orthopiva- 
late)-3,4,6-triacetate (44) containing s-Collid- 
ine (Chloroform) 


Syrupy 3,4, 6-Tri-O-acety1-2-O0-methoxycarbonyl-q- 
D-glucopyranosyl Chloride (46) (Chloroform) 


1,3,4,6-Tetra-O-acetyl-2-O-methoxycarbonyl-8 -D- 
glucopyranose (47) (Chloroform) 


3,4, 6-Tri-O-acety1-2-O-methoxycarbony1-68-D- 
glucopyranosyl Chloride (48) with Solvated 
Benzene (Deuterated Chloroform) 


Impure a-D-Glucopyranose 1,2-(Dimethyl Ortho- 
carbonate)-3,4,6-triacetate (49), Experimental 
Dat. d. (idm iCehtoerottrm 


Impure q-D-Glucopyranose 1,2-(Dimethyl Ortho- 
carbonate)-3,4,6-triacetate (49), Experimental 
Deo. Gi). CChiorerorn) 


Impure Isopropyl 3,4,6-Tri-O-acetyl-a-D-gluco- 
pyranoside, Experimental E.1.b.(i). (Deuterium 
Oxide ) 
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As roraPie. 55 (Chloroform) 


Impure Isopropyl 3,4,6-Tri-O-acety1l-2-0- 
benzoyl-a-D-glucopyranoside, Experimental 
E.1.b.(1). (Deuterated Chloroform) 


The Product from the Reaction of Triethyl- 
oxonium Fluoroborate and g-D-Glucopyranose 
1,2-(Isopropyl Orthoacetate)-3,4,6-triacetate, 
Experimental E.1.d.(i). (Chloroform) 


Hexa-O-acetyl-1',2-anhydro-[2'-(q-D-glucopyrano- 
Ssyl1)]a-D-Glucopyranose (100 Mc.p.s.), Discussion 
p-l61 for Details of Decoupling (Chloroform). 
(Acetyl signals at reduced amplitude) 


(a) 3,4, 6-Tri-O-acetyl-1,2-anhydro-g-D-gluco- 
pyranose (''Brigl's Anhydride"), (b) After adding 
one Mole-equivalent of p-Toluenesulphonic Acid. 
(The Region of 7T was scanned within one minute) 
(Methylene Chloride) 


The Produciscot thes Reaction of “Brigl's Anhydride" 
with p-Toluenesulphonic Acid, Experimental E.2.b. 
(Chloroform) 


A Mixture of Ethyl 2,3,4,6-Tetra-O-acetyl-q- 
and @-D-glucopyranosides, Experimental E.2.c. 
(a) (Chiorotorn) 


A Mixture of Isopropyl 3,4,6-Tri-O-acetyl-qg- and 
68 -D-glucopyranosides, Experimental E.2.c.(ii). 
(Chlorof orm) 


The Product of the Reaction of q-D-Glucopyran- 
ose 1,2-(Isopropyl Orthoacetate)-3,4,6-tri- 
acetate (35) with p-Toluenesulphonic Acid after 
Reacetylation, Experimental E£.2.d. (Chloroform) 


The Product Obtained on Treatment of Pure ''Exo" 
a-D-Glucopyranose 1,2-(Isopropyl Orthoacetate)- 
3,4,6-triacetate with Picric Acid, Experimental 
D.2.f. (Methylene Chloride) 
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The Mechanism for the Formation of 
3,4,6-Tri-O-acety1l-2-deoxy-2-i0do-q-D- 
mannopyranosides and the Corresponding 
B-D-Glucosides 
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The Synthetic Route to a-D-Glucopyranose 
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INTRODUCTION 


A. A SHORT HISTORY OF a-GLUCOSIDE SYNTHESIS 


The structures shown in Diag. 1 are those of q-D-gluco- 
pyranosides and 6-D-glucopyranosides. The anomeric carbon is 
that bearing the acetal function, and it is numbered carbon-l, 
the other carbon atoms in the chain being numbered successively. 
The RO-grouping is termed the aglucone. R is bonded to the oxy- 


gen through a carbon atom, and may commonly be an alkyl radical, 


CH5O0Ac CH.OAc 


AcO AcO ? fe) 
Ac AcO _—OR 
AcO AcO 
Sec 
An a-D-glucopyranoside A ® -D-glucopyranoside 
‘Lek tae 


or other sugar in the case of disaccharides. 

In the last few years, the discovery of the a@-glucosidic 
linkage in various antibiotics, for example the neomycins, paro- 
momycins and kanamycins (1,2), has stimulated attempts to syn- 
thesize a-glucosides and their deoxyamino derivatives. Apart 
from these practical interests, d@-glucosides are of academic 
interest, having been found in every type of living organism 


with a diversity of aglucones. 
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One of the earliest attempts at glucoside synthesis was 
made as a result of the observation by Hill (3) that the hydrol- 
ysis of maltose by the enzyme yeast maltase was retarded by glu- 
cose. It was therefore concluded that the enzymatic hydrolysis 
wWaS a reversible process, and by using the reverse reaction Hill 
(4) was able to prepare, by the action of yeast maltase on glu- 
cose, both maltose and another disaccharide named “revertose". 
"Revertose"™ was later shown to be isomaltose (5). Other workers 
have since appliéd Hill's general observations and, as may be 
gauged by recent reviews (6), the field of enzymatic synthesis of 
glycosides is rapidly growing. Hassid and Doudoroff (6) have re- 
viewed the synthesis of disaccharides with bacterial enzymes. 
Bnzymes are “highly “specific°in’their “action, although not eftire- 
ly so. For example, sucrose phosphorylase of Pseudomonas 
saccharophilia will combine a-D-glucose 1-phosphate with D-fruct- 
Ose to produce sucrose. The D-fructose may be substituted by 
L-sorbose, D-xyloketose and L-araboketose to produce analogs of 
sucrose, On the other hand if a-D-galactose 1-phosphate, q-D- 
mannose l1-phosphate, @-D-xylose l1-phosphate or a-L-glucose 
1-phosphate are substituted for a-D-glucose 1-phosphate the en- 
zyme iS incapable of synthesizing a disaccharide. 

Thus whilst enzymatic synthesis will undoubtedly become 
ever more important in the synthesis of complex carbohydrates, 
the difficulty of finding the right enzyme system to produce a 
speciric "stricture is considerable. 

A very general method of producing glycosides is by the 


acid-catalysed condensation of a sugar with an alcohol or other 


tq 
“ 


Sugar. This is known as the Fischer reaction (7). At equilib- 
rium the a~glucosides predominate and may be obtained in about 
65% yields from simple alcohols (8). Bishop and Cooper have 
made an extensive analysis of the pentoses (9), and their conclu- 
sions are readily extended to the hexoses. When the reaction is 
applied to the preparation of disaccharides it is known as the 
reversion reaction of sugars Since, during the hydrolysis of 
polysaccharides with acid catalysts, the monosaccharides may re- 
vert to other di- and oligo-saccharides. For example, Fischer 
(10) obtained isomaltose on reacting glucose in hydrochloric 
acid. Disaccharides prepared by this method are obtained in 
poor yield since condensation can occur at any of the hydroxyl 
groups. Theoretically eleven pyranosyl-disaccharides may be 
formed on condensation of glucose. Seven of these were actu- 
ally isolated from the product formed in the acid-catalysed 
condensation of glucose (11). 

By the use of blocking groups, first practised by Purdie 
and Irvine (12), a more controlled synthesis is obtained. 
Thus, condensation of 2,3,4,6-tetra-O-methy1-B-D-glucopyranose 
in benzene with hydrogen chloride gave a mixture of the octa- 
methyltrehaloses. There was no deliberate control of the 
stereochemical route of reaction. 

The Koenigs-Knorr reaction (13) is widely used in glycoside 
synthesis, and is more stereospecific. An O-acylated glycosyl 


halide* and an alcohol are condensed with elimination of hydro- 


* The term "acetohalogenosugar™ has been used to describe fully 
O-acetylated glycosyl halides. For reasons of convenience this 
trivial nomenclature will be used in this thesis provided no 
ambiguity can arise. 
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gen halide on catalysis by silver salts. The acetohalogenosugar 
normally prepared is the q-anomer, since it is the more stable. 
That an axial halogen at the anomeric center should be thermo- 
dynamically favored has been termed the anomeric eftect (14,15). 
Since the Koenigs-Knorr reaction proceeds with Walden inversion, 
it is therefore a good route to B-glucosides (16). A number of 
B-acetohalogenosugars have also been prepared but, where there is 
ahb;2ctrans-arrangement as ainsthe. B-gluco-configuration,, they re- 
act to give orthoesters under Koenigs-Knorr conditions (17,18). 

To avoid neighboring group participation various substitu- 
ents on carbon-2 have been utilized, some of which are given be- 
low. 

When Brigl (19) fused B-D-glucopyranose pentaacetate with 
phosphorous pentachloride, he obtained 3,4,6-tri-O-acetyl-2-0- 
trichloroacetyl-8-D-glucopyranosyl chloride. The strong induct- 
ive effect of the three chlorines reduces the electron density 
on the carbonyl group to such an extent that neighboring group 
participation is almost eliminated. Hickinbottom (20) utilized 
this fact to prepare a-glucosides. Some anomerization of the 
B-halide to the a-anomer gives rise to the production of B-gluco- 
side, but under optimum conditions a 90% yield of the methyl 
a-glucoside was obtained from a methanolic solution of the chlor- 
ide prepared by Brigl in the presence of silver nitrate and pyri- 
dine. 

The above chloride can be selectively hydrolysed to 3,4, 6- 
tri-O-acety1-8-D-glucopyranosyl chloride. The hydroxyl group 


similarly shows little tendency to participate (except in alka- 
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line solution (21)), and a-glucosides may be obtained under 
Koenigs-Knorr conditions (20). 

Other non-participating groups such as 2-O-nitro (22) have 
proved successful in a-glucoside synthesis. 

In the Zemplen modification of the Koenigs-Knorr reaction, 
wherein mercuric acetate was used as the condensing agent in 
place of silver salts, a- and B-glycosides were produced (23). 
When the alcohol concentration was low, a-glycosides were formed 
but when it was high, B-glycosides. Lindberg (24) studied the 
mechanism and proposed that the B-glycoside is in fact formed 
but at suitable concentrations, mercuric bromide and hydrogen 
bromide form the complex HHgBr3, which catalysed the anomeriza- 
tion of the B-glycoside. Matsuda (25) obtained q-kojibiose 
octaacetate from the condensation of equimolar portions of 
1,3,4,6-tetra-O-acetyl-a-D-glucopyranose and 2,3,4,6-tetra-O- 
acetyl-a-D-glucopyranosyl bromide in the presence of mercuric 
Cyanide in nitromethane. Two other disaccharides, nigerose 
and laminaribiose were similarly obtained (26). Lehmann and 
Beck (27) also obtained the retention of configuration of the 
glycosyl halide with mercuric cyanide in nitromethane. 1,3,4,6- 
Tetra-O-acetyl-a-D-glucopyranose and tetra-O-acetyl-a-D-galacto- 
pyranosyl bromide reacted to give 2-0-(a-D-galactopyranosy1)-D- 
glucose after deacetylation of the product. A similar reaction 
with tri-O-acetyl-f-L-arabinosyl bromide (axial bromine) gave 
rise to 2-0-(8-L-arabinosy1)-D-glucose. 

Other variations of the Koenigs-Knorr reaction, such as 


the fusion of acetohalogenosugars with molten sodium in Sits 
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have been used. Sharp and Stacey (28) obtained trehalose-type 
disaccharides on fusing 2,3,4,6-tetra-O-acetyl-aD-galactopyrano- 
syl bromide with sodium in air, (sodium oxide presumably being 
the active agent, since under nitrogen no reaction was obtained). 
The disaccharide appeared to have the %,68-configuration. 

Hickinbottom (29) first observed the formation of a-gluco- 
sides from 3,4,6>tri-O-acetyl-1,2-anhydro-a-D-glucopyranose 
("Brigl's anhydride"). Brigl (30) and Hickinbottom (29) had pre- 
pared B-glucosides when methanol, ethanol and isopropanol had 
Opened the anhydro ring. Hickinbottom noted that with phenol 
the phenyl 3,4,6-tri-O-acetyl-a-D-glucopyranoside was formed. 
On reaction of Brigl's anhydride with 2,3,4,6-tetra-O-acetyl-§- 
D-glucopyranose, Haworth and Hickinbottom (31) obtained a,f-tre- 
halose heptaacetate. Lemieux extended the reaction to the syn- 
thesis of sucrose (32), long a goal of carbohydrate chemists, as 
well as the naturally occurring a,a-trehalose (33) and maltose 
(34). The suggested mechanism was that the six-acetoxy group 
participated with a double Walden inversion at the anomeric cen- 
ter. Lloyd and Roberts (35) recently postulated six-acetoxy 
Perpicipation to account for an 83% yield of the a-glucoside 
when 3,4, 6-tri-O-acety1-2-deoxy-2-N-(2,4-dinitroaniline)-a-D- 
glucopyranosyl bromide is reacted with excess ethanol in the 
presence of pyridine. When silver carbonate is used the B-gluco- 
Side is predominantly formed. 

The anomerization of B-glycosides to their a-anomers is 
achieved with acid catalysts. Pacsu (36) anomerized methyl 6 -D- 


glucopyranoside tetraacetate in chloroform with stannic chloride 
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and titanium tetrachloride. The reaction was extended by Lind- 
berg to disaccharides (37,38). The octaacetate of B-melibiose, 
(6-O-a-D-galactopyranosyl D-glucose), was prepared by the anomer- 
ization of the B-anomer in chloroform with titanium tetrachlor- 
ide. Similarly 8-isomaltose octaacetate was obtained from gentio- 
biose octaacetate in 46% yield. The mechanism was studied by 
Lindberg (39) and he suggests that the pyranose ring is broken 
open to form a zwitter ion which collapses back to the q-anomer. 
Lemieux and Shyluk (40) prefer the mechanism whereby the acid 
catalyst attacks the aglucone group. This leads to a fairly 
stable ion-pair structure which can collapse to the a-glucoside 
instead of leading to separated ions. 

This brief history of the development of a-glucoside synthe- 
Sis serves to indicate the complex nature of the problem, and how 
stereochemical, mechanistic and thermodynamic considerations must 


be considered in any new approach. 


Bi A SURVEY OF THE LITERATURE PERTINENT TO THE PRESENT WORK 


Le 2-Deoxy-2-halogenoglycosides 


Lemieux and Levine (41) reinvestigated the products of the 
Prevost reaction (42) on D-glucal triacetate, and showed that the 
conclusions of Stanek and Schwarz (43) were erroneous. Lemieux 
and Levine proved that the reaction of D-glucal triacetate with 
jodine and silver benzoate in dry benzene formed an approximately 
equimolar mixture of the products of trans-addition to the double 


bond, (1-O-benzoyl-2-iodo-2-deoxy- 6-D-glucopyranose triacetate 
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and the stereoisomer with the 4-D-manno-configuration). Ina 
later paper (44) they extended the reaction to the preparation 

of glycosides. The methyl, cyclohexyl, and t-butyl 2-deoxy-2- 
iodo-a-D-manno- and 8-D-glucopyranoside triacetates were formed 
nearly quantitatively when equimolar amounts of the correspond- 
ing alcohol, iodine, D-glucal triacetate, silver perchlorate and 
s-collidine reacted in dry benzene. The larger the alcoholic 
grouping, the more of the a-manno-stereoisomer was formed (85% 
for t-butyl), and since the iodine is readily hydrogenolysed with 
palladium on charcoal as the catalyst, this provides an excellent 
route to 2-deoxy-a-D-glucopyranosides. 

Further research by Lemieux and Fraser-Reid (45) led to the 
extension of the reaction to bromo derivatives. Bromination of 
D-glucal triacetate produced the 2-bromo-2-deoxy-D-glycopyranosyl 
bromides with the @-manno- and a-gluco-configurations. Methoxy- 
lation in the presence of silver carbonate proceeded with Walden 
inversion at the anomeric center to give the methyl 6-D-glyco- 
sides. Direct halogenomethoxylation was obtained when D-glucal 
triacetate reacted with bromine, chlorine or iodine in methanol 
containing silver acetate. The methyl 2-deoxy-2-halogenoglyco- 
pyranosides with the a-manno- and 8 -gluco-configurations were 


formed in 60-65% and 35-40% yields respectively. 


ae Preparations of Orthoesters 


Pascu has given a good review of orthoesters up to 1945 (172% 
At that time it was recognized that 1,2-trans-acetohalogenosugars 


under Koenigs-Knorr conditions gave rise to orthoacetates and in 
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fact orthoacetate formation was used as evidence in the assign- 
ment of the anomeric configuration (46). a-Acetobromoglucose is 
a 1,2-cis-acetohalogenosugar, and consequently straight ag 
attack with Walden inversion at the anomeric center to give 
6-glucosides is found under Koenigs-Knorr conditions. On the 
other hand if the 1,2-trans-acetohalogenosugar, g -D-glucopyrano- 
syl chloride tetraacetate, is employed, orthoesters can be pre- 
pared in good yield (47). Also all cases where the 2-acetoxy 
gHRoup fisscaxialjandetrans to,the <anomericehalogen,, »suchyas.com- 
pounds with the manno- and lyxo- configurations, can give rise 
to orthoesters. For example, Levene and Wolfrom (48) reacted 
syrupy a-D-lyxopyranosyl bromide triacetate with methanol in 
quinoline to obtain the 1,2-(methyl orthoacetate). 

Evidence that orthoesters could be obtained from 1,2-cis- 
acetohalogenosugars was obtained by Helferich, Doppstadt and 
Gottschlich (49). They attempted to synthesize glycosides ina 
homogeneous medium by the reaction of Pe er ee with 
an alcohol in s-collidine. They unexpectedly obtained an over 
50% yield of the 1,2-(isopropyl orthoacetate) when isopropanol 
was the alcohol. When methanol was used instead, a moderate 
yield of the methyl 8 -D-glucopyranoside tetraacetate was iso- 
lated. On the other hand when Helferich and Weis (50) treated 
ad-benzobromoglucose with methanol and s-collidine in nitrometh- 
ane, the 1,2-(methyl orthobenzoate) was obtained in 80% yield 
as a syrup. Other cases are also recorded of orthoesters being 
isolated from a-acetobromoglucose. Weygand and Ziemann C51) 


treated a-acetobromoglucose with ethanol (large excess) and 
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pyridine (excess ) in ether and obtained the 1,2-(ethyl ortho- 
acetate) in about 50% yield. An interesting product related to 
orthoesters was shown to be formed when a-acetobromoglucose re- 
acted with silver cyanide in boiling xylene (52). Besides 
2,3,4,6-tetra-O-acetyl-6-D-glucopyranosyl cyanide, 3,4,6-tri-O- 
Peep e A ORO Cit bpafibethyiidene)SatD! sl udopytatoke was isolated. 
A new asymmetric carbon atom is formed when orthoesters of 
Sugars are prepared and diastereoisomers are expected. These 
were first isolated when two disaccharide orthoesters were pre- 
pared from 1,2,3,4-tetra-O-acetyl-B8-D-glucopyranose and a-aceto- 
bromomannose in the presence of silver oxide and Drierite in 
alcohol-free chloroform (53). These were called d- and 1- 
(8-D-glucose-1,2,3,4-tetraacetate-D-mannose-3',4',6'-triacetate 
6,1',2'-orthoacetate). More recently Perlin (54) isolated the 
two crystalline diastereoisomers of ®-D-mannose 1,2-(benzyl 
orthoacetate) and by the use of n.m.r. spectroscopy confirmed 
the presence of diastereoisomers in all the orthoacetate prepar- 


ations considered. 


3. Reactions of Sugar 1,2-(Alkyl Orthoesters) 

Only those aspects of the reactions of orthoesters perti- 
nent to the present thesis will be considered. 

It is well known that orthoesters are extremely sensitive 
to acid hydrolysis but relatively resistant to alkaline hydroly- 
sis. Lemieux and Cipera (47) in their studies of q-D-glucopyran- 
ose 1,2-(ethyl orthoacetate) triacetate, conclude that it reacts 


quantitatively with trace amounts of water in gceric acid. The 
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orthoester structure readily reverts to the cyclic acetoxonium 
ion in acid solution, which reacts with water to give the trans- 
ient acid orthoacetate. The so-called acid orthoacetate can then 
rearrange to various products. 

In keeping with the extremely facile production of the acet- 
oxOnium ion 1s the observation that 1,4,6-tri-O-benzoyl-2,3-(ben- 
zyl orthobenZoate)-8-D-fructofuranose is converted into the cor- 
responding ethyl orthobenzoate derivative in ethanol with a trace 
Roan (50) 

Although orthoesters are very labile compounds, they have 
not been studied very extensively as synthetic intermediates. 
This is probably due to the complexity of their reactions, apart 
from the lack of their general availability. Perlin (56) treat- 
ed 6-D-mannopyranose 1,2-(methyl orthoacetate)-3,4, 6-tri-O-acet- 
ate with hydrogen chloride in methanol and obtained mainly 3,4, 6- 
tri-O-acetyl-D-mannose and some 2,4, 6-tri-O-acetyl-D-mannose in- 
volving a novel acetyl migration from the 3- to the 2-position. 
But when Perlin used q-D-glucopyranose 1,2-(ethyl orthoacetate)- 
3,4,6-tri-O-acetate in place of the mannose 1,2-(orthoacetate) 
he obtained 3,4,6-tri-O-acetyl-D-glucose and methyl 3,4,6-tri-O- 
acety1-8-D-glucopyranoside. 

Russian workers (57) have reported the synthesis of A-glu- 
cosides from a4-D-glucopyranose 1,2-(methyl orthoacetate)-3,4, 6- 
triacetate. For example when the orthoacetate was reacted with 
cholesterol in boiling nitromethane in the presence of 0.001 
moles HgBrg and 0.00075 moles of p-toluenesulphonic acid per 


mole of the orthoacetate, there was isolated cholesteryl 2,3,4,6- 
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tetra-O-acetyl-8-D-glucopyranoside (15%) and a-D-glucopyranose 
1,2-(cholesteryl orthoacetate)-3,4,6-tri-O-acetate (26%). By 
varying the conditions the reaction could be made to yield either 
the B-glucoside or the orthoacetate as the main product. 
Acetylated orthoesters react with hydrogen chloride and tit- 


anium tetrachloride in chloroform (53) to give acetochlorosugars. 
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EXPERIMENTAL 


All melting points were taken on a heating stage and are 
UMGOLTECTeCd. 

All nuclear magnetic resonance (n.m.r.) spectra were deter- 
mined, unless otherwise stated, in chloroform with a Varian A60 
Spectrometer and the chemical shifts are reports in tau (tT) val- 
ues, with tetramethylsilane (TMS) as internal standard. 

Paper chromatograms of acetylated derivatives were done on 
Whatman No. 1 paper impregnated with dimethylsulphoxide (DMSO) 
and with Skellysolve B as the irrigant (58). The acetates were 
detected by spraying first with a mixture of equal volumes of 
1.1 N potassium hydroxide in methanol and 1 N hydroxylamine 
hydrochloride in methanol. The precipitate of potassium chlor- 
ide formed in the preparation of the spray reagent need not be 
removed by filtration. After drying the paper at 120° for five 
minutes, spraying with ferric nitrate solution (20 g of ferric 
nitrate monohydrate in 300 ml water and 200 ml glacial acetic 
acid) developed the chromatogram as purple spots (59). 

Deacetylated material was chromatographed on Whatman No. 1 
paper and developed with the lighter phase of n-butanol, ethanol 
and water mixture (5:1:4) (60). The components were detected by 
dipping the paper first in a solution of silver nitrate prepared 
by adding 1 ml of saturated aqueous solution of silver nitrate 
to 200 ml of acetone and then adding just sufficient water to re- 
dissolve the precipitate. The paper was then sprayed with a 0.5 


N solution of sodium hydroxide prepared by dissolving 5 g sodium 
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hydroxide in 7.5 ml water and diluting to 250 ml with ethanol (61). 
Papers to be preserved were washed with ammonia after the spots 
had developed to their maximum intensity. Periodate-permanganate 
(62), p-anisidine hydrochloride (63) and aniline hydrogen phthal- 
ate (64) sprays were also used. Ro numbers refer to the R>¢ values 
telative to that of. glucose. 

Chloroform, where used in preparative procedures, was puri- 
fied by passing down an activated alumina column. A column 1.9 
cm x 28 cm gave 400 ml chloroform with no trace of hydroxyl ab- 


sorption in, the, infrared... Methylene, chloride was similarly puri- 


fied. 


A... COMPLEXES OP s-COLLIDINE;} a-PICOLINE AND PYRIDINE 


It 1s amportant.to, realize that perchlorates are potenti- 
ally powerful explosives. Although none of the preparations de- 
scribed below caused trouble, the compounds detonated on strong 


heating. Due precautions must be taken (65). 


- 


Pr sriver Perchlorate Complexes 
a. Silver Di-s-collidine Perchlorate (1) 

s-Collidine, 20 ml, was added with vigorous stirring to a 
solution of silver nitrate, 9 g (53 mmoles), and sodium perchlor- 
ate, 11 g, in 100 ml water to give a white curdy precipitate. 
After washing repeatedly with water, the product (1) was washed 


with ethanol and ether and finally dried under vacuum over phos- 


phorous pentoxide. The yield was 24 g (100%). 


* 2,4,6-Trimethylpyridine. 
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B. Silver Di-a-picoline Perchlorate (2) 
Q=-Picoline, 10 ml, and sodium perchlorate, 12.2 g (100 


mmoles), in 125 ml water were added with stirring to silver ni- 
Crete, ae) ee oes mmoles), iff go Miswater. The précipitate, 
13.1 g (100% yield), was washed with water and dried under vac- 
uum Over phosphorous pentoxide. 

S-+ Silver Dipyridine Perchlorate (3) 

Pyridine, 43 ml, and sodium perchlorate, 40 g, in 200 ml 
water were added to silver nitrate, 32.7 g (192 mmoles), in 120 
ml water with stirring. The heavy white precipitate was washed 
WILE Water. aia ted, dissolved in 100 mE chioroform and 20 ml 
pyridine. The fine precipitate obtained on adding ether was 


dried in vacuo. The yield was 70 g (99%). 


2. Iodonium Perchlorate Complexes 

Limeierinpomtant, 20 the préparation of all halonium ions. to 
make sure the conditions are anhydrous. Otherwise, the halogen 
tencs to be cre-diiberated. 
is Iodonium Di-s-collidine Perchlorate (4) 

Powdered iodine, 20.2 g (79.5 mmoles), was added to a sus- 
pension of the perchlorate (1), 35.7 g (79.5 mmoles), in about 
200 ml of pure chloroform and 5 ml of s-collidine. After shak- 
ing for 15 minutes, the yellow precipitate of silver iodide was 
removed by filtration through a bed of Celite and compound 4 
crystallized directly from the filtrate on standing in the cold. 
The mother liquors gave further fine white crystals on the addi- 


tion of ether. The combined crystals were dried under high vac- 


uum and analyzed for positive iodine as follows. 
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Compound 4, 0.4647 g, was partially dissolved in 10 ml chloroform 
and 2 g of potassium iodide were added. Titration with 0.1 M sod- 
ium thiosulphate required 19.4 ml. Excess hydrochloric acid, to 
neutralize the s-collidine, was added before the end point which 
was determined with starch indicator. Thus, 97.5% of the theoret- 
ical iodine was liberated based on the formula (CgH, ,N),1C10,. 
b. _ Ilodonium Di-a-picoline Perchlorate (5) 

Solutions of iodine, 25.4 g (100 mmoles), and perchlorate, 
2, 39 g (99 mmoles), in dimethylformamide (dried over potassium 
hydroxide) were mixed and 5 ml of q-picoline were added. Immedi- 
ately, a yellow precipitate of silver iodide was observed and, 
after being briefly shaken, the solution was rapidly filtered 
through Celite. Crystals of the iodonium salt G)were already 
forming. The Celite was washed with a little dimethylformamide. 
Bier was added to the filtrate. The precipitate, 21.2 g (51.5% 
yield), was titrated for iodonium ion as indicated for the iodon- 
ium salt(4. A 0.2873 g sample required 13.9 ml of 0.1 M thio- 
sulphate. The calculated volume for (CEH N) IC10,4 16 13-95. mi. 

The n.m.r. spectrum in dimethylsulphoxide had the signals 
tor the four aromatic protons to rather low field, 0.8-2.77, as 
compared with those, 1.3-3.07T, for a-picoline in the same sol- 
vent. 
c. _Iodonium Dipyridine Perchlorate (6) 

Finely powdered iodine, 27.8 g (109 mmoles), was added to 
the perchlorate, 2, 46.5 g (118 mmoles), dissolved in dry pyri- 
dine. The silver iodide was removed by filtration with the aid 


of Celite and washed with chloroform. The filtrate gave 31.4 g 
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of a white crystalline powder. A further 9.2 g was obtained on 
adding ether. The total yield, based on iodine, was 90%. The 
positive iodine content was 97.5% of the theoretical for 


(CsH.N)5IC10,. 


3.  Bromonium Complexes 
ee Bromonium Di-s-collidine Perchlorate (7) 

Silver di-s-collidine perchlorate(1), 13.47 g (30 mmoles), 
was suspended in 150 ml pure chloroform and 1 ml s-collidine, 
and 1.65 ml bromine (30 mmoles) was added. Silver bromide was 
rapidly precipitated and was collected by filtration on Celite. 
The clear faint-yellow filtrate gave a fine, white crystalline 
precipitate on the addition of ether. A 70% yield was obtained 
of a product which, on analysis contained 93% of the positive 
bromine expected for (CgH, ,N)5 Brcl0,. The n.m.r. spectrum 
(see Fig. 1) in methylene chloride is that expected for complexed 
S-collidine. The intensities of the signals at 2.72, 7.15 and 
@- Se Tstwuerte na: 6235 .respectivelydins-Collidine yan tmethyleneschlor- 
ide gave signals of corresponding relative intensities at higher 
ficdidage2ess7e5%pandets77tee; respectiivelyayrlheinel ting ipeint 
was ill-defined but a clear liquid was obtained at 230°. 

b. _ Bromonium Di-a-picoline Perchlorate (8) 

Bromine, 5.3 ml, was added to a vigorously stirred solution 
of 37 g (94 mmoles) of silver di-aq-picoline perchlorate @)dis- 
solved in a minimum of dimethylformamide and containing 5 ml of 
G-picoline. The precipitated salts were removed by fa Ltasa't Lox 
and, on adding ether to the filtrate, the product crystallized 


rapidly. Since the product reacted with the solvents, it was 
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isolated as rapidly as possible. JIodometric titration showed 
a positive bromine content 94.5% of the value expected for 
(C4H,N).BrC10, . 
en Bromonium Dipyridine Perchlorate (9) 

The procedure described for the preparation of iodonium 
dipyridine perchlorate (6), was followed except that bromine was 
substituted for the iodine. The product was found to contain 


99% of the positive bromine expected for (CSH5N)., Brcl0, - 


4. The Chloronium Cation 
a. The Reaction of Silver Di-s-collidine Perchlorate with 

Chlorine 

The silver complex (1), 10 g, was suspended as a fine powder 
by stirring in chloroform and chlorine gas was bubbled through 
the suspension. After 15 minutes, the white suspension had co- 
agulated and an exothermic reaction had taken place. The fil- 
trate, after removal of insoluble salts on a Celite bed, yielded 
a crystalline precipitate on adding Skellysolve B. This was 
shown to be s-collidinium perchlorate (Section B.l.a.). The 
filtrate was evaporated under reduced pressure with cooling of 
the mixture and a further crop of crystals was obtained. These 
crystals were transformed to an oil on Warming to room tempera- 
ture. Gas-liquid partition chromatography of this oil (silicone 
oil column, programmed for 80° to 200° at 11° per minute) showed 
one major peak with a longer retention time than s-collidine and 
other minor products. The oil distilled at about 198-205° and 


the distillate had the n.m.r. spectrum shown in Fig. 2. 
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b. The Reaction of Silver Dipyridine Perchlorate with Chlorine 


fhe, stiver jcomplexn(3), 10°g) sas \a!suspension*ine l25ymleof 
chloroform, reacted to give a bright yellow color when chlorine 
was first bubbled through the solution, but the yellow color grad- 
ually disappeared. The filtrate from the reaction slowly yielded 
a heavier liquid phase when Skellysolve B was added. On standing 


Overnight at 0°, crystals were not deposited. 


B. PREPARATION OF 2-DEOXY-2-HALOGENOGLYCOSIDES 


1. 2-Deoxy-2-10do-glycosides 


Methyl 3,4, 6-tri-O-acety1l-2-deoxy-2-1i0do0- q-D-manno 


Side (10) and the Corresponding B-Glucoside (11) 

Anhydrous methanol, 0.12 ml (2.8 mmoles), and 1.3 g of iodon- 
ium complex (4) (titration gave 86% of the theoretical iodine) 
were added to D-glucal triacetate, 0.755 g (2.78 mmoles), dis- 
solved in 15 ml of pure chloroform. A homogeneous faint-yellow 
solution was obtained from which, almost immediately, s-collidin- 
ium perchlorate separated. The precipitate was characterized 
through its solubility in water, the liberation of s-collidine 
on adding potassium hydroxide solution, and the precipitation 
of potassium perchlorate when a concentrated aqueous solution 
was mixed with concentrated potassium iodide solution. The mix- 
ture was filtered after a 20 minute reaction time and the fil- 
trate washed first with water, then with 2 N sulphuric acid and 
finally with water, and, after drying by filtration through 


chloroform-wetted paper was evaporated at high vacuum to a Syrup, 
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1.115 g (93.3% yield of 2-deoxy-2-iodoglycosides). The n.m.r. 
Spectrum, Fig. 3, is almost identical to that obtained by Lemieux 
and Levine (44) except that integration of the methoxyl peaks in- 
dicated 82% of the G-manno and 18% of the &-gluco configurations. 
The Lassaigne's sodium fusion test confirmed the presence of iod- 
ane’ in’ the molecule. 
b. _®-D-Glucopyranosyl 2-Deoxy-2-iodo-a-D-mannopyranoside (12) 
The iodonium complex (4), 12.17 g (23.7 mmoles of positive 
iodine as determined by titration which gave 91% of the theoreti- 
taavaltie)).washadded.to D=glucal triacetate; 6345.¢°(2337 mmoles), 
andis.25i¢ (23.7 mmoles) of 2,3,4,6-tetra-O-acety1l-8-D-glucopyran- 
ose dissolved in 50 ml of pure choroform. As the iodonium salt 
dissolved on stirring the mixture s-collidinium perchlorate was 
precipitated. After 20 minutes, a sample of the solution was 
added to aqueous potassium iodide solution containing soluble 
starch. A strong blue color developed. After six hours, the 
brownish solution was filtered to remove the s-collidinium per- 
chlorate which had precipitated (4.62 g, theoretical yield 5.23 g 
but it is appreciably soluble in chloroform). The filtrate was 
washed with 0.1 M sodium thiosulphate, 60 ml, to give a light- 
brown chloroform layer. JIodine was liberated on standing. On 
passing the chloroform layer down a silicic acid column C(icé6nem 
x 19.5 cm), a band with the violet color of iodine ran ahead and 
was followed by a brown band from which a syrup was isolated. 
The syrup was deacetylated by allowing a solution in methanol 
containing 2 ml of triethylamine and water added to turbidity, 


to stand overnight at room temperature. A paper chromatogram of 
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of the deacetylated syrup showed a spot with Rg=1.19 and a trace 
of glucose with the aniline hydrogen phthalate spray reagent. 

The compound, 2.84 g, crystallized from water (on seeding with 
crystals obtained in an earlier experiment from a chromatographic 
purification on a Celite column using n-butanol-water (66)). A 
further 0.5 ¢.was.obtained .by, crystallization of the residual 
Syrup from methanol. The total yield was about 33%. Recrystal- 
lization from water gave material of.m.p. 158° (dec.), and [a} + 
AG EM SA Soe ia Bal water); Ameot 255 my ( E470), typical of the carbon- 
Todt nes bonds) The nomem., Spectrum is shown in Figs, 4 and 5. 
AOE Ree OF ota ae a CyoHo19,91-H,O: C, 30.65; H, 4.93; I, 27.00. 
BOM eo bs ol, 00s 1.24394. Since the crystals obtained 
from methanol melted with decomposition at 164-5° and [a] per cee he 
(c, 1.1 in water), and in view of the elemental analysis, the pro- 
duct crystallized from water was likely a monohydrate. 

EuLeber elutien,sof sathe «silicic,acid column gave.0.6.¢ of 
Syrup that, on deactylation, gave spots corresponding to glucose 
and glucal on paper chromatograms. 

c. 2,3,4,6-Tetra-O-acetyl-B-D-glucopyranosyl 2-Deoxy-3,4, 6-tri- 

O-acetyl-a-D-glucopyranoside (13). 

The above described compound (12), 0.163 g (0.36 mmoles), dis- 
solved in 2.5 ml water and 0.3 ml triethylamine, was hydrogenolyzed 
with a 10% palladium-on-charcoal catalyst. After stirring for 2 
hours under hydrogen at slightly above atmospheric pressure, the 
theoretical quantity of hydrogen was taken up. The catalyst was 


removed by filtration using Celite. Silver carbonate, 10 mmoles, 


was added to the filtrate to precipitate the iodide ion. Filtra- 
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tion followed by passage of hydrogen sulphide to remove traces 

of silver salts and evaporation of the clarified solution left 
0.135 g of brown residue which was acetylated’ an So ml pyridine 

and 5 ml acetic anhydride. After standing overnight, the sol- 
vents were evaporated to leave 0.207 g of a semi-crystalline 
Syrup. Two recrystallizations from ethanol gave fine crystals, 

pe p.ow 68s o°pand [a], + 60052. CopPOleetins tilGroeform+ GAnal. Calcd. 
for C5 636017? 


n.m.r. Spectrum is shown in Fig. 6. The compound was deacetylat- 


(2250525 5<Hor Soe0s~- 0 Pounds Cs BS0ge6es Ho 65479 .* The 


ed with sodium methoxide in methanol to give a fine, white amor- 
phous powder, Rq= OL435 with the *nim.rv- spectrum shown in’ Pip. 7. 
A 0.05 g sample of the deacetylated product was dissolved in 5 ml 
of 0.2 N hydrochloric acid. The observed rotation of 0.65° after 
UOsSehounstfell tomO.:55°:after oneday: The!reattionwas'alsd 
followed chromatographically and after one day essentially all 


the starting material, R= 0.43, had hydrolysed to glucose and 


G 
2-deoxyglucose as seen by direct comparison with authentic samples 


On a paper chromatogram. 


2. 2-Bromo-2-deoxyglycosides 
as Methyl 3,4, 6-Tri-O-acetyl-2-bromo-2-deoxy-a-D-manno- 

pyranoside (14) and the Corresponding 6-Glucoside (15) 

The bromonium complex (7), 0.965 g (2.12 mmoles of positive 
bromine as determined by titration), was added to D-glucal tri- 
acetate, 0.576 g (2.12 mmoles), and 0.2 ml methanol (4.9 mmoles) 
in 5 ml pure chloroform. The reaction was exothermic and a rapid 


precipitation of s-collidinium perchlorate was obtained. After 
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Stirring for ten minutes, the solution was washed with dilute 
hydrochloric acid containing potassium iodide. [Iodine was 1lib- 
erated but 6 ml of 0.1 M thiosulphate solution rendered both 
phases colorless. The chloroform layer was then washed with 
sodium bicarbonate, filtered and evaporated overnight in a high 
Vacuuiine “Thepresidue, 0.818 .¢: (quantitative yield) of a light 
yeild owisyreups gave; the n.msr. spectrum, shown in Fig. 8. 

b. 8 -D-Glucopyranosyl 2-Bromo-2-deoxy-a-D-mannopyranoside (16) 

Thesbromonium:complex (7), 13.5 g (27.3 mmoles of. bromonium 
ion Dbyotsatrataonigewas added to D-glucal triacetate, 7.17 g (26.4 
mmoles), and 2,3,4,6-tetra-O-acetyl-8-D-glucopyranose, 9.17 g 
(26.4 mmoles), in chloroform. There resulted an exothermic re- 
action with precipitation of s-collidinium perchlorate. After 
five minutes a sample did not liberate iodine when shaken with 
potassium iodide solution. The reaction mixture was cooled to 0° 
ande aboliiniiee {27 mmoles) of s-collidinium perchlorate was ob- 
tained on filtration. The chloroform filtrate was washed with 
dilute acid and then sodium bicarbonate. 

Evaporation left a syrup which was dissolved in methanol 
containing 6.5 ml of triethylamine, and water was added to tur- 
bidity. The solution turned green and, on standing overnight, 
became purple. The deacetylated syrup very slowly deposited 
eryeteds:s from methanol, 3.5 g after a month (33% yield). ..Re- 
crystallization from methanol-water mixture gave material which 
carbonized around 180°, la], Pode (oo ladn, water) dls Ms te 
spectra shown in Figs. 9 and 10. Anal. Calcd. for C,5H540),98Br: 


Mee ses Geel 6 e32..4 Found: GC, 35.46; H,. 5.32. 
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Recrystallization from water gave crystals which, after dry- 


ing to constant weight, decomposed around 180° with [a], + 34.6° 


D 
(cxul,iniwaterdem Sitincéithe Rg value was 0.95, the compound was 
difficult to distinguish from glucose in the chromatogram of the 
crude deacetylated syrup. 

The compound was hydrogenolysed for two days under the same 
conditions as described above for compound 12 using palladium-on- 
Charcoal catalyst. The syrup obtained from the reaction was acet- 
ylated and worked up exactly as described for the preparation of 


thesdeoxy=giycosidée. 13¢ sThesmeltinghpoint 51 163°, wassnot tdepres- 


sed on admixture with i3y 


3. Attempted Preparation of an a,a-Linked Disaccharide 
a. _1,3,4,6-Tetra-O-acetyl-a-D-glucopyranose (17) 

When essentially the directions of Lemieux and Brice (67), 
were followed to prepare 2,3,4,6-tetra-O-acetyl-a-D-glucopyranose, 
the 1,3,4,6-tetraacetate was prepared in 40% yield. 2,3,4,6- 
tetra-O-acetyl-8-D-glucopyranosyl chloride, 36.6 g (100 mmoles), 
was dissolved in about 100 ml of glacial acetic acid, and 2 ml 
of water (110 mmoles) and silver acetate 20 g (120 mmoles) were 
added. The mixture was shaken vigorously for 2 minutes and then 
frozen in a dry-ice and acetone mixture. The volatile compon- 
ents were removed in vacuo. The residue was finally warmed to 
80° in vacuo to remove the last traces of acetic acid. The resi- 
due was extracted 5 times with ether and the silver salts were 
removed on Celite. To the ether filtrate was added Skellysolve B 


just to the point of turbidity. The crystalline precipitate, 
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10.5 g (30% yield), m.p. 90-95° had the n.m.r. spectrum expected 
for the pure 1,3,4,6-tetraacetate. The n.m.r. spectrum of the 
Sytupsedl8 geiircom the.filtrate “indicated adfurther 10e5,g; making 
a total yield of 60%. When 95% acetic acid was used in place of 
gBlaciad acetic acid for the preparation, a 40% yield of crystal- 
line material was obtained. Recrystallization from ether-Skelly- 
solve B gave material of m.p. 110-111° [a], $a14,9.6 -Ccynk inxchloro- 
Horm), putem-farspectrumyshownsin.Figs Ll. 

1,3,4, 6-tetra-O-acetyl-a-D-glucopyranose did not mutarotate 
in dry pyridine but did in water. The mutarotation in water was 
followed polarimetrically toccenstant.notatiens{ whe jplot.of.log 

(a-a,)/(a,-a,) against the time, gave a straight line with 
slope +1.63.x 107 ers The final rotation corresponded to 

lal, #.71°%4€e,{1.8 inewater). The mutarotation,of 2;3,54,6-tetra- 
O-acety1-8-D-glucopyranose had at the equilibrium point [alpy * i Nos 
Se sedan einewater ) i jwithoan pidenticalanemarisspectrume« The;rota- 
tion is approximately that expected for a 50/50 mixture of q- and 
B-glucose tetraacetates. 

When the syrup is dissolved in pyridine further mutarotation 
eecunsy.and jthe.nim.r.%spectrum inipyridinejoPig., 12).indicates 
that 77% of the mixture is 2,3,4,6-tetra-O-acetyl-a-D-glucopyran- 
ose, based on the integrated values of the anomeric and carbon-3 
protons, which are to lower field than any for the 6-glucoside 
tetraacetate. This was confirmed by acetylation and benzoylation. 
(i) 2,3,4,6-tetra-O-acetyl-8-D-glucopyranose, 0.4 g (1.15 mmoles), 
was left to mutarotate in pyridine, 1 ml, for 3 days. To this 


solution was added 0.2 ml of acetic anhydride (2.13 mmoles), and 
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the mixture was left overnight. On evaporation a residual syrup 


was obtained which readily crystallized from ethanol. The mater- 
ial had a melting point of 112° which on admixture did not de- 
press the melting point of authentic q-D-glucopyranose penta- 
acetate. 

(ii) Using benzoyl chloride in place of acetic anhydride, an 
immediate precipitate was observed. After two hours the mixture 
was poured into a saturated solution of sodium bicarbonate and 
shaken until no further carbon dioxide was evolved. The oil which 
Separated was extracted with chloroform and the chloroform extract 
was washed with 2 N sulphuric acid, aqueous sodium bicarbonate, 
and finally purified on a small silicic acid column to remove any 
hydroxylated impurities. The chloroform eluate gave an 82% yield 


Opesyeup wrth] -FP8sleet'écf Ye2 in“"echiorsoform) > “The syrup 


D 
crystallized from ethanol-Skellysolve B, m.p. 59.5°, although 
traces of crystalline material were noted in polarized light 
disappearing at 110°. °'The literature values for the properties 
of 2,3,4,6-tetra-O-acetyl-1-O-benzoyl-a- and 8-D-glucopyranose 
are reSpectively m.p. 60-63°, ful = + EPETS ec SS Sin chloroform) 
and m.p. 143° rates S 26ST ere eS in chtoroférmy>s * “The rotation 
of the syrup corresponds to 79% of the q-anomer, if the above 
compounds were the only products, and this is in excellent agree- 


ment with the interpretation of the n.m.r. spectrum of the muta- 


rotated mixture, Fig. la. 


Bs Glycoside Formation Utilizing Syrupy 2,3,4, 6-Tetra-O- 


acetyl-a-D-glucopyranose 
D-Glucal triacetate, 1.475 g (5.42 mmoles), and the syrupy 
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mixture of 2,3,4,6-tetra-O-acetyl- a-and 8-D-glycopyranoses from 
pyridine, 1.87 g (5.37 mmoles), were dissolved in 15 ml of chloro- 
form. The iodonium complex (4), 2.735 g (5.4 mmoles by titration) 
was added, and, as it dissolved, s-collidinium perchlorate crystal- 
lized out of solution. Some decomposition took place and the sol- 
ution turned a reddy-brown color. After 1.25 hours, salts were 
removed by filtration, and the filtrate was washed with dilute 
sulphuric acid containing potassium iodide, thiosulphate solution 
and finally water. About 20 ml of 0.1 M thiosulphate solution 

was required to reduce the iodine liberated. The chloroform layer 
was evaporated to 3.94 g of a syrup which was deacetylated in 100 
ml of methanol saturated with ammonia. After one day, on partial 
removal of solvents, crystals were obtained, 0.56 g, with m.p. 
153-155° (dec.). The filtrate was evaporated to a syrup which 

was chromatographed on 100 g of Celite (Section E.1l.c.(ii)]. 

After the first 900 ml of eluate, 25 ml fractions were collected. 
Fractions 20-36 yielded 0.307 g of crystals from methanol, m.p. 
164-165" (dec.), [al p + 36.5° “Ccy .balcin water), anda". Ww. ther 
0.166 g from the mother liquors, m.p. 160-169° (dec.). 

Reduction of the latter fraction with palladium-on-charcoal 
as the catalyst in the same manner as described for 12 followed 
by acetylation yielded material of m.p. 162-163°, [a], + 66¢5 
(c, 0.8 in chloroform), which on admixture with the ®-D-gluco- 
pyranosyl 2-deoxy-a-D-glucopyranoside heptaacetate (13) did not 
depress its melting point. Paper chromatograms of all three 
crystalline fractions gave one spot with the same Rg as lé and 


their n.m.r. spectra in deuterium oxide were identical, and the 
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Same as that of 12. Therefore the total yield of 12 from the 


reaction was 39%. 


C. PREPARATION OF QUATERNARY N-GLYCOSIDES 


1. N-2-Deoxy-2-halogenoglycosides 
he N-(3,4, 6-Tri-O-acety1l-2-deoxy-2-iodo-g-D-glucopyranosyl)- 

pyridinium Perchlorate (18) and the Corresponding a-D-Manno- 

Stereoisomer (19) 

D-Glucal triacetate, 22.2 g (81.7 mmoles), and the iodonium 
complex (6), 31.4 g (81.7 mmoles), reacted rapidly in 200 ml of 
chloroform. As the latter dissolved a fine precipitate of the 
pyridinium glucoside (18) appeared. The reaction mixture was 
shaken for one hour and compound (18) was isolated by filtration. 
Fine, needle-like crystals of the pyridinium mannoside (19) were 
obtained from the chloroform filtrate on standing at 0°. 

Compound 18, 33 g (70% yield), was recrystallized from 


methanol to constant physical properties, m.p. 163-4°, [alp + 109.8° 


Me OH 


(c, 1.1 in methanol), [a], + 133° (c, 0.4 in acetone), \ivy. 


260 mH 
(64,760), the n.m.r. spectrum given in Fig. 13 and the o.r.d. 
dats listed in Table I. Anal. Calcd. for Cy 7H, 10, ,NIC1: Ce Soeo44 
Peer ene Ne. 2.04: 1, 22.0. Found: ©, 35.55; H, 3.56; N, 2+59; 
Peel. 

The iodine was determined by digesting 0.578 g (1 mmole), in 
one molar sodium hydroxide on a steam bath. After acidification 


with hydrochloric acid, the iodide was oxidized to iodine with 0.1 


ml of bromine. The excess bromine was removed by gentle boiling 


and the last traces by adding phenol. The amount of iodine liber- 
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ated was determined by titration with standard sodium thiosulphate 
solution. 

Recrystallization of the crude mannoside (19), m.p. 97-102°, 
14 g (30% yield), from chloroform was accomplished with difficulty 
aS there was a tendency to obtain an oil, but seeding gave crys- 


tals, m.p. 103-4°, fa} - 22.60 Cc, dodnvme thane) ao) .w2<1555° (c, 


Me OH 
max 


D 
258 m pl (24,850), «the suemsrsespectrum.given,in 


2 in acetone), j 
Pig. 14.9 and;the.osn.d. data«listed in. Table.I.;.An.iodine;analysis 
of 19 analogous to that for 18 gave 91% of the theoretical iodine 
content. When pure pyridinium mannoside (19) was dissolved in 
pyridine, crystals of the isomeric pyridinium glucoside (18) were 
obtained after one week in about 80% yield. The melting point, 
mixed melting point and the n.m.r. spectrum were identical with 
Piese Sof 184 

The pyridinium mannoside (19), 0.7 g. (1.21 mmoles), dissolved 
Slowly in 10 ml of water containing 2 g of potassium iodide with 
the tapiad,sliberation,of iodine. Chloroform, 10 ml, and 2 g of 
sodium thiosulphate were added and the mixture was shaken for two 
hours. The chloroform layer was washed with water and evaporated 
£O.a.syrup,.0.31 g. The syrup,was:crystallized from,ether-Skelly- 
solve B. The n.m.er. spectrum of the crystals, m.p. 53-54°, was 
identical with that of D-glucal triacetate, which was therefore 
produced in 94% crude yield. 

The pyridinium glucoside (18) did not liberate iodine under 
Similar conditions even after one day, but on heating an aqueous 


solution of 18 and potassium iodide to the boiling point, iodine 


was liberated. 
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b. N- (2-Deoxy-2-iodo-8-D-glucopyranosyl)-pyridinium Perchlor- 
ate (20) 


The pyridinium glucoside (18), 4 g, was dissolved in 100 ml 
of methanol and one ml of triethylamine. After one day, the sol- 
vents were evaporated and a crystalline residue remained which 
was recrystallized from water. A 72% yield, 2.25 g, was obtained. 
Further recrystallization from methanol with a little water gave 
an analytical sample, M+D- 155-157° (decomposition of the liquid 
phase to a black tar), [a]hn + 132.5°(c, 1 in water), the n.m.r. 
Spectrum=siiown™in Figl*15}tand/théecotrtd. tdatal givenhin-Tablell. 
AhaiSGaicds for C, Hy 5OgNIC1: Cy S9S25;-VH9 SUSSPCN, CSL2O9£ UFaunds 
Presse le tH? SL233PN}e3¢02. 

An attempt to deacetylate the pyridinium mannoside under 
Similar conditions resulted in decomposition to uncharacterized 
dark-brown products. 


ek N- (3,4, 6-Tri-O-acetyl-2-deoxy-2-iodo-8-D-glucopyranosyl)- 


1,4-dihydropyridine (21) 


A 5.08 g sample of 18 was dissolved on warming in 100 ml of 
water and 40 ml of methanol. Addition of anhydrous sodium bicar- 
benate;-5.02%e5 and Sédium dithionite, *S5i5¢s, in’ 40embooftwater 
immediately produced a yellow coloration. The solution then be- 
came turbid and a gummy precipitate was deposited. After one 
hour, the gum was washed with water. It dissolved on gently 
warming in ethanol and, on cooling, crystals were obtained, m.p. 
68.5-69.5°. The n.m.r. spectrum in chloroform initially gave a 
spectrum Similar to that for the compound obtained on the dith- 


ionite reduction of N-(2,3,4,6-tetra-O-acetyl-®-D-glucopyranosyl)- 
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pyridinium bromide. (This compound (27) is described later on.) 
However, 21 in the chloroform solution rapidly decomposed with 
the liberation of iodine and the signal at approximately 7 tau 
disappeared in about ten minutes. A Similar decomposition re- 
sulted with carbon tetra-chloride as solvent. The compound was 
not analysed further. 

ds N- (3,4, 6-Tri-O-acety1-2-bromo-2-deoxy-§-D-glucopyranosyl)- 

pyridinium Perchlorate (22) 

The bromonium complex (9), 19.5 g (50.2 mmoles of bromonium 
ion as determined by titration), reacted rapidly with D-glucal 
triacetate, 15.72 g (58 mmoles), dissolved in pure chloroform, to 
yield a fine precipitate. Recrystallization from ethanol, with 
Pa lrithenmethanolsta facilitate solution,.gaveya<product of-m.ep. 


ime e lO) okt Tho fol cytladedngmethanol). -Cooling ef the 


D 
mother liquors resulted in a further crop of crystals which, 

when crystallized from methanol, melted at 152.5-155°. After 
drying.in vacuo both lots of crystals had the n.m.r. spectrum 
shown in Fig. 16. Those with melting point 117-119°, on dis- 
solving in methanol and seeding with the crystals melting at 
152.5-155°, yielded crystals with the latter melting point. 

The crystals from ethanol, if air dried, gave an n.m.r. spec- 
trum which showed 1.5 moles of ethanol per mole of 22. The 
crystals from methanol were submitted for analysis. Anal. Calcd. 
for Cy 7H, 0, ,NBrcl: Ci 138.474 Hep 30L731N, meeO4~ eFounds Cy 38224; 
HeaseGOs Ny ieeSlan The,ultraviaolet)spectrum,gave ae 2 60 Ss 
(€5700).. .The osr.d.idata are given in Table I. 


On adding ether to the filtrate, a syrup separated which 
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could not be induced to crystallize. The syrup was soluble in 
methanol and acetone but not in water or ethylacetate. After 
evaporation in a high vacuum, the residue, 2.58 g, gave an n.mr. 
spectrum in methylene chloride very similar to that of the 2- 
deoxy-2-iodomannopyranoside (19) in the same solvent. The acetyl 
Signals ati 7.737 -‘correspond closely in chemical shift to those 
TOL kPacdiioi audPeyn 70.29 A1so) a) doublet of spacing 10 c.p.s. 

at 3 B8tiicloselyi parallels’ the doublet’ fom 29, spacing: 10.c.p.us. 
aty3..437T.. The signals for the aromatic protons on the pyridinium 
ring of both spectra have the same appearance. Further, when the 
Syrup was dissolved in pyridine, crystals of the 2-deoxy-2-bromo- 
glucoside (22) were deposited. After clarification with charcoal, 
Darco G60, the residual syrup's n.m.r. spectrum showed a decrease 
iil eintensntyacwof. the acetyl sipnal ati 7.737, mellative to those at 
higher field, from a value of 40% of the total acetyl intensity 
before the pyridine was added, to 30% for the syrup obtained after 
the pyridine was added. 

e. N- (3,4, 6-Tri-O-acety1l-2-deoxy-2-iodo-8-D-glucopyranosyl)- 


a-picolinium Perchlorate (23) 
D-Glucal triacetate, 13.7 g (50.3 mmoles), and the iodonium 


complex (5), 20.8 g (50.3 mmoles), were stirred in pure chloroform 
for 4$hours. eAllwofeS dissolved and ian oil: separated. On. stand- 
ing overnight, liberated iodine had turned the chloroform layer 
violet. The syrupy oil was sufficiently mobile to give an n.m.r. 
Spectrum which had acetyl groups shifted downfield, with a peak 
centered at 7.63T. In methanol these showed as clean signals at 


7.63T and 7.68T. There was also a prominent signal at -0.42T. 
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A hot aqueous extract of the syrup deposited crystals on cooling, 
Me OH 

mep- 186-7°; A max, 270 mu (€ 8070), the n.m.r. spectrum shown in 

Pieeen, aie tne roet tl. Gata listed: an: Table I. 


The upper phase from the reaction mixture gave an n.m.r. 
spectrum which corresponded to that of D-glucal triacetate. 
f._N-(3,4, 6-Tri-O-acety1l-2-bromo-2-deoxy-8-D-glucopyranosyl)- 
a-picolinium Perchlorate (24) 


D-Glucal triacetate, 3.74 g (1.375 mmoles), and the bromonium 
complex (8), 5.313 g (1.36 mmoles from the titration of bromonium 
ion), gave an exothermic reaction when dissolved in chloroform. 

A fine precipitate was deposited. It was recrystallized from water 
to give needles showing strong birefringence with polarized light. 
At 220-221° the birefringence was distorted and at 223-4° the crys- 
tals decomposed. A 0.5 percent solution in methanol was only ob- 
tained on heating, and hence, the rotation was measured at room 
temperature uSing a Supersaturated solution, [aly * TOO (ie? ard 

iets Oot Sle n.d. rt. Spectrum is eiven in Pag. 18. Anal. 

Ga Led Sai Cy) gH530,,NC1Br: C, SAS Po? TP 5 Nee eo pa Pn Wise NY Pe te LEN GCs Be 

es eo ie Oe Ny 08. 

ge N- (3,4, 6-Tri-O-acetyl-2-bromo-2-deoxy-8-D-glucopyranosyl)- 

pyridinium Bromide (25) 

Bromine was added slowly to D-glucal triacetate, 3 g (1.1 
mmoles), dissolved in chloroform until the reaction mixture was 
a light red-brown color. After standing at room temperature for 
20 minutes and then evaporating at reduced pressure, the resid- 
ual syrup was dissolved in pyridine. The initial observed ro- 


tation was about 70° and was falling at about one degree per 
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minute when the solution became too opaque to take further read- 
ings. Overnight crystals were deposited. These were collected 
by filtration and recrystallized twice from 95% ethanol-ethyl 
aeatabedimepenl30-133°5 fa] pf tw%9e2 (cg) 1-2pin methanol), jn.m.r. 
Speci frumeshown{iny Fags 195, andy the<oer.di+datarin, Table-JI.«<,Anal. 
Ealédenfor Cy7H5107NBir HO: C, 38.58; H, 4.38; N, 2.63. Found: 
C; 38.50; H, 4.30; N,2.52. The deuterium hydroxide signal in the 
nemere Spectrum has the intensity of two protons. 

The filtrate was evaporated to a syrup which was triturated 
with chloroform. Then the syrup was dissolved in water, extracted 
twice with chloroform, and the aqueous phase evaporated to a syrup 
Whtehsgavebthecnsms.r:i) spectrum insFigs)20.and the o.«r«d«:data sin 


Table ds 


2. N-Glucopyranosylpyridinium Bromide and its Derivatives 
a's N-(2,3,4, 6-Tetra-O-acety1l-8-D-glucopyranosyl)-pyridinium 

Bromide (26) 

Compound 26 was prepared by the method of Fischer and Raske 
(69). Tetra-O-acetyl-a-D-glucopyranosyl bromide (q-acetobromo- 
glucose), 12.15 g, and phenol, 5 g, were dissolved in 27 ml of 
anhydrous pyridine. It was only after two months that the darken- 
ed solution solidified with crystals. These were not readily re- 
crystallized from methyl ethyl ketone but methanol-ethyl acetate 
gave good crystals, m.p. 170°, n.m.r. spectrum shown in Fig. 2l, 
} Me OH 


[al -5.9° (c, 10 in water). The ultraviolet spectrum gave A may, 


259 mu (22,700). table I gives -the o.1r.d.data. 
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b. _N-Tetra-O-acetyl-a-D-glucopyranosyl-1,4-dihydropyridine (27) 


Compound 26, 2.2 g, dissolved in 20 ml of water, was reduced 
by adding a solution of 2.3 g of sodium bicarbonate and 2.35 g of 
sodium dithionite in 25 ml of water (70). The gummy precipitate 
was filtered after one hour and washed with water. It crystalliz- 
ed frome95Z%iethanol, m.p.i145° to give the n.m.r. spectrum in Fig. 
aay 
a N-8 -D-Glucopyranosylpyridinium Bromide (28) 

Compound 26, 3.2 g, dissolved in 320 ml of 3% hydrobromic 
acid), waspdeacetylated for-15 hours at 40° (71). ©The: solution 
was evaporated to a syrup which was triturated with hot chloro- 
form and then crystallized from 95% ethanol. Two recrystalliza- 
tions from ethanol-water gave 1.43 g of material, m.p. 176-177°, 
[iy tie 4 5-59 Ceheli2eimewater),. nemer.capectrum Shown in Fig. 23 
Sraeonted Moe tosis Table sly .Anal. i\Calcds whomeC, 7H) -O-NBr: 


Lieto 5 
PrnAd Sida O01 > ONee4 3 5eu -Founds «Cy 40.98; cH, «4.87 5 aNye4eR te 


d. N- (2,3,4, 6-Tetra-O-acetyl-g8-D-glucopyranosy)-Y¥-picolinium 
Bromide (29) and the a-Anomer (30) 
asAcetobromoglucose, 3.78 g, was dissolved in 5 ml of Y-pico- 
line and after 2 days the solution was filled with crystals. 
Ethyl acetate was added and the crystals removed by filtration. 
Recrystallization from 95% ethanol-ethyl acetate gave crystals, 
m.p. 202-3°, n.m.r. Spectrum shown in Fig. 24, showing that 0.5 
of a molecule of each of ethanol, ethyl acetate and water per 
molecule of 29 was present. After drying at high vacuum the 
crystals tended to decompose at 207° and melted at 208.5”, 


fie 10,2a° (c, 1 in water), O.r.d. data given in Table I. 
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Anal. 3Calédeef or C5 9 H> gOgNBr . 0. 5H, O: Cs 4£48.80¢) Heo bv 20 ancNyt2.73. 


Found: Cpy4Oe95j ull, 85530seNyo2e62ienThe infrared spectrum in 


nujol of the analytical crystals contained a sharp peak at 3620 
cm and a broad peak at 3350 cmt, and this confirms the pres- 
ence of hydroxyl groups. 

The®filtratevon’ standing also gave crystals:*\Thesewwere re+ 
crystallized from 95% ethanol-ethyl acetate to give material of 
mepret7 5° [a], +0432 Cepel anewater))’ndmir wspectramd shownein 
RieGeso POersds -dataspivent ine Tables: tAnddwocalcdse for 
C5 9H5 ,OgNBr - H,O: ey P4508) Nee 5.40ect Pound? 10; 46c20;1H,d6ei1ds 
The anfraredsspectrum in-nu‘jol/of ‘the’ analyticad®crystalshcon- 
tained a peak at 3480 ene?. Theon mre, Spectrimt« Fig-225)y aise 
confirmed the presence of a monohydrate as the deuterium hydrox- 
ide peak has the intensity of t wo protons. 

e. _N-8-D-Glucopyranosyl-y-picolinium Bromide (31) 

Compound 29, 0.65 g, was deacetylated in 65 ml of 3 percent 
hydrobromic acid for 12 hours at 40°C (71). The syrup obtained 
after evaporation at reduced pressure, deposited crystals from 
ethanol-ethyl acetate, m.p. 162-162.5°,[a]) + 38.3° (c, 1.2 in 
methanol) j,*n.m.re\spectrum’shown’ in Figs 26;°0.r.de° datat given 
in Table I. 
£. N- o-D-Glucopyranosyl-Y~-picolinium Bromide (32) 

Compound 30, 1.2 g, was deacetylated similarly, but the 


Syrup could not be induced to crystallize. The n.m.r. spectrum 


is shown in Fig. 27 and the o.r.d. data are given in Table I. 
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3. Kinetic and Mechanistic Studies on N-Glucopyranosyl- 
pyridinium Bromide Formation 

a. Reactions of Pyridine with Tetra-O-acetyl-a-D-glucopyranosyl 

Bromide 

smeaeeetoObromoglucose, 35.33 g, dissolved in pyridine, 50 ml, 
to give a rotation after 5 minutes of 94.8° (observed), which fell 
totaiconstantrvaluejof 865° after ‘one| day.’ The «pyridine was. evap- 
orated, the residual syrup was dissolved in water and then evapor- 
ated. This was repeated several times to remove the last traces 
GH py Fidiue JyveFinallyethe N.minSispectrum of tthe «syrup lanedeuter- 
ium oxide was taken, Fig. 28, indicating the presence of both the 
q-anomer (33) andf-anomer (25) of N-(2,3,4,6-tetra-O-acetyl-D- 
glucopyranosyl)-pyridinium bromide. The rotational change indi- 
cated an induction period, and hence the following systematic 
study was made. 
(i) a-Acetobromoglucose, 0.1945 g, was dissolved in dry pyridine 
to give a 10 ml solution. The rotation was followed, Diag. 2, and 
fell from [a], + 194.44° oto 722° Gtheiclatter based on «the rwedg ht of 
the N-glucopyranosylpyridinium bromides formed). The n.m.r. spec- 
trum in Fig. 29 was obtained from the solution after partial evap- 
oration of the pyridine. Then the solution was evaporated to dry- 
ness and the final traces of pyridine were removed as above. The 
n.m.r. Spectrum in deuterium oxide is shown in Fig. 30. 
(ii) Conditions exactly analogous to (i) but with 1.634 g of 
q-acetobromoglucose gave an initial [al pn #nl94260%% fa klange: to 
A. 35% 


(iii) When 3.436 g of q-acetobromoglucose were used the initial 
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[al p of 194° fell to 13.35°, n.m.r. spectrum of the reaction mix- 
ture shown in Pig. 31, and of the syrup in deuterium oxide in Fig. 
425 [a] 5 + 22.7°, (c, 4.3 in water). When the syrup from deuter- 
ium oxide was again dissolved in pyridine, the signal at 7.477 
reappeared < 

(iv) When 1.579 g of q-acetobromoglucose and 1.353 g of tetra-n- 
butyl-ammonium bromide were dissolved in 10 ml of pyridine solu- 
tion, the [a] p feallvitomel9 it 4° stor i8e4%, awithathe .n.fbr.espec+ 
trum in deuterium oxide shown in Fig. 33. 

(v) The silver complex (3), 1.518 g, and tetra-n-butylammonium 
bromide yel.352ig5 *were ‘dissolved in pyridine. ‘Thetpyridine was 
evaporated and methanol was added to the residual syrup to precip- 
itate silver bromide. Removal of silver salts by filtration 
through Celite and evaporation of the filtrate left 1.32 g of 
tetra-n-butylammonium perchlorate as a syrup. The latter and 
1.586 g of q-acetobromoglucose were dissolved in 10 ml of pyri- 
dine solution, and [a], fe huthromaL9476° ata 9965°fe iThéonemen: 
spectrum of the residual syrup in deuterium oxide (external TMS) 
had anomeric signals of about equal intensity at 3.057, spacing 
ill-defined but small, and 3.55t,, spacing about 8 c.p.s. 

(vi) When 1.591 g of deeodtowndmopiniédheaent disehived inm5 amd 

of acetonitrile and the volume made up to 10 ml with pyridine, 
Lal dropped from 186° to 14.15°. The residual syrup gave an 
n.em.r. spectrum in deuterium oxide (external TMS) with anomeric 
Signals of equal intensity at 3.021, spacing about 3 c.p.s. and 
ab 305a, OSpacing ‘about Sic.pgs. 


(vii) The glucopyranosylpyridinium bromide (25), 0.117 g, in 5 ml 
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of a pyridine solution gave a constant observed rotation over 28 
hours, of approximately -0.3° (traces of crystals made an accur- 
ate reading impossible). 

(viii) Tetra-O-acetyl-8-D-glucopyranosyl chloride, 2 g, was dis- 
solved in 5 ml of pyridine. After 2 minutes the rotation was -5.2° 
and this rose to 34.15° after 53 hours. After several days the 
pyridine was evaporated. The residual syrup was dissolved by 
Shaking with equal volumes of chloroform and water. The aqueous 
phase on evaporation gave a syrup with the n.m.r. spectrum shown 
Jistip. 4s) Lhe N.im.r. spectrum of the syrup from the chloro- 
form layer indicated it was mainly anomerized starting material 
peerpoecus cy the doublet of spacing 3.5 c.p.s., at 3.707, identi- 
cal with that for the anomeric proton of a-D-glucopyranosyl chlor- 
ide tetraacetate. 

(ix) a-Acetobromoglucose, 3.03 g (7.37 mmoles), was dissolved in 
10 ml of pyridine and 0.89 ml of methanol, (21.8 mmoles). The ob- 
served rotation after 5 minutes was 47° and this fell to a const- 
qnpevalue of 2.581° after 19 hours. The rotation indicated an in- 
duction period, falling at 0.086° per minute initially and at 
0.147° per minute after two hours. The syrup remaining after 
evaporation of the solvents was equilibrated in chloroform and 
water. The chloroform layer was evaporated to a syrup, with the 
n.em.r. spectrum shown in Fig. 35, and the aqueous layer, on simi- 
lar treatment, gave the n.m.r. spectrum shown an Pip. 30; 

(x) The rotation of a solution of 4.44 g of teh Sct 5 tt ae 
in 10 ml of S-collidine did not change after 5 days, nor did the 


De.t. Spectrum. 
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D. PREPARATION OF CARBOHYDRATE 1,2-ORTHOESTERS 


1. Carbohydrate 1,2-Orthoacetates 
an : -D-Glucopyranose 1,2-(Ethyl Orthoacetate)-3,4, 6-tri- 

acetate (34) 

Peet Oeacetyloe-D-siveouvrandayt bromide Pets: 
bromoglucose), 4.1 g (10 mmoles), was dissolved in 10 ml of s- 
collidine and 0.6 ml of dry ethanol (10 mmoles). Tetra-n-butyl- 
ammonium bromide, 1 g (3.1 mmoles), was added, and on heating to 
50° with shaking, a homogeneous solution was obtained. Crystals 
of s-collidinium hydrobromide soon began to separate. After 12 
hours at 50°, the almost solid reaction mixture was dissolved in 
the minimum chloroform and washed with just sufficient hydro- 
chloric acid to neutralize the s-collidine, then with aqueous 
sodium bicarbonate and finally water. After drying the chloro- 
form layer by filtration through chloroform-wetted filter-paper, 
evaporation at reduced pressure left a semi-crystalline mass. 
The ietive. spectrum, shown in Fig. 37, indacated that only the 
two diastereoisomers of the 1,2-orthoacetate had formed in 
theoretical yield, 3.8 g (10 mmoles). On recrystallizing from 
hot ethanol with a drop of s-collidine, and adding water just to 
turbidity, a heavy crystalline precipitate was obtained. The 
crystals were collected by filtration, washed with water and 
dried in vacuo. The yield of the "exo" isomer, as shown by its 
n.em.r. spectrum in Fig. 38, was 85%, m.p. 95-96°; reported 97- 
97.5°, after two recrystallizations from ethanol. When a 10 molar 


excess of ethanol over the a-acetobromoglucose was used, the prod- 
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uct still contained only 14% of the "endo" isomer. 
b. oa-D-Glucopyranose 1,2-(Isopropyl Orthoacetate)-3 ,4,6-tri- 

acetate (35) 

Using the standard conditions above but with isopropanol in 
place of ethanol, a theoretical yield of the "endo" and "exo" dia- 
stereoisomers was obtained, with the n.m.r. spectrum shown in Fig. 
39. Crystallization from ethanol with a trace of s-collidine, 
and water added to turbidity, gave an 88% yield of the "“exo'' is- 
omer, m.p. 116-117°. On repeated recrystallization the m.p. was 
raised to 120-121°, [q] Bes SOSt Gc ySs2a4ei1nichlosdforny yetAng1: 
Garces etoreCesn sOne(nob. owt? hs90c4) eo" Ceosrts; H, 6.67. Found: 


T7826 ° 10 
mol. wt. 384; C, 51.54; H, 6.82. 


Cc.  g-D-Glucopyranose 1,2-(t-Butyl Orthoacetate)-3,4, 6-tri- 

acetate (36) 

Again the above conditions were employed but with t-butanol, 
except that the acid washing was omitted, due to the very high 
sensitivity of the orthoacetate. The s-collidine was finally 
removed in vacuo with warming at 80° to give a crystalline mass 
in theoretical yield, with the n.m.r. spectrum in Fig. 40. The 
pure "exo" isomer was obtained on dissolving the crude crystals 
in hot ethyl acetate and adding Skellysolve B to turbidity. A 
75% yield of the orthoester (36) m.p. 152.5-154.5°, [a] ) + 34.5° 
(c, 1.6 in chloroform) was obtained. Anal. Calcd. for C,gH,,0)6 
(mel, wtiv40494) 6° °C) .5@i3i¢ H) “67982 °oFound: Pmols wt, 9394; 
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d. a -D-Glucopyranose 1,2-(Cyclohexyl Orthoacetate)-3,4,6-tri- 
acetate (37) 


Using the standard conditions a syrup was obtained, which 
could not be induced to crystallize, but the n.m.r. spectrum, 
Fig. 41, indicates that essentially pure orthoester was formed. 
e.  a-D-Glucopyranose 1,2-(Phenyl Orthoacetate)-3,4,6-tri- 

acetate (38) 

(i) With phenol as the "'alcohol” under the standard conditions, 
a syrup was obtained. The n.m.r. spectrum in Fig. 42, shows that 
the diastereoisomeric orthoacetates are the only products with 
OSihe Of ptherVexo's andy 32%, 0f; the "endo" isomers. 

(ii) a-Acetobromoglucose, 0.82 g (2 mmoles), and silver di-s- 
collidine perchlorate (1), 1 g (22.2 mmoles), were added to phenol, 
0.27 g (28.7 mmoles), which had been dried by dissolving in benz- 
ene and distilling off the. latter. On adding 3 ml of methylene 
chloride, as the reactants dissolved, silver bromide was pre- 
Cipitated. The reaction mixture was refluxed overnight and 
filtered through a bed of Celite which was washed with methyl- 
ene chloride. The combined filtrate and washings were shaken 
with dilute sulphuric acid and sodium hydroxide and then evap- 
orated to a syrup, 0.85 g (100% yield). The n.m.r. spectrum is 
shown in Fig. 43. Integration of the C-methyl signals indicated 
that 87% of the 'texo'? isomer and 13% of the "endo" were formed. 
(iii) Silver di-s-collidine fluoroborate was prepared by adding 
an excess of s-collidine to an aqueous solution of silver fluoro- 
borate. The precipitate was crystallized from acetone to give 


material of m.p. 214-218° (dec.). This silver fluoroborate 
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complex was used in an exactly analogous experiment to (ii) above 
instead of the perchlorate complex (1). The n.m.r. spectrum of 
the syrupy product (100% yield) is shown in Fig. 44. Some ortho- 
acetate is indicated but crystallization from ethanol gave phenyl 
8-D-glucopyranoside tetraacetate (10% yield), m.ep. 120-122°, unde- 
pressed on admixture with an authentic sample. 
(iv) When ethanol was used in place of the phenol in (iii) above, 
an over 50% yield of ethyl 8-D-glucopyranoside tetraacetate m.p. 
105-106°, undepressed on admixture with an authentic sample, was 
obtained. The n.m.r. spectrum of the crude reaction syrup indi- 
cated no orthoacetate formation. 
f. _a-D-Glucopyranose 1,2-(Methyl Orthoacetate)-3,4, 6-tri- 

acetate 

2,3,4,6-Tetra-O-acety1l-8-D-glucopyranosyl chloride, 1.33 g 
(25 mmoles), and methanol, 0.404 ml (50 mmoles) in 10 ml of 
methylene chloride were stirred with silver acetate, 4.5 g (27 
mmoles), and dicyclohexylcarbodiimide, 1.03 g (25 mmoles). The 
latter was added to react with the acetic acid formed in the re- 
action. After stirring overnight, the reaction mixture was 
filtered on a bed of silicic acid, and the filtrate was shaken 
with water, and evaporated to a syrup with an n.m.r. spectrum 
Similar to Fig. 35, but with signals due to dicyclohexylcarbodi- 
imide or its derivatives aS well. The latter signals did not 
interfere with the pyranose ring protons, and the methoxyl and 
C-methyl peaks at 6.78tT and 8.30 tT respectively are obviously 
those of the “exo"' orthoacetate (Table II). No signals for the 


methoxyl group of the "endo" isomer were detectable. 
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2. Carbohydrate 1,2-Orthobenzoates 
a's 1,3,4,6-Tetra-O-acetyl-2-0-benzoyl-g-D-glucopyranose (39) 

1,3,4,6-Tetra-O-acetyl-a-D-glucopyranose (17), 10 g (29 
mmoles), dissolved in 20 ml of dry pyridine was added to 6 ml of 
benzoyl chloride (51 mmoles). An immediate precipitate was ob- 
tained and the solution became hot. After 3 hours the solution 
was poured into saturated aqueous sodium bicarbonate and shaken 
until there was no further evolution of carbon dioxide. The oil 
was extracted with chloroform and the chloroform solution was 
washed with 2 N sulphuric acid and aqueous sodium bicarbonate. 
The syrup obtained on evaporation of the chloroform, could not be 
crystallized. It was therefore redissolved in chloroform and the 
solution was passed down a silicic acid column to purify the prod- 
uct from hydroxylated impurities. Still the syrup obtained could 
nee De cryetallized. The n.m.r.. spectrum of the syrup is shown 
Swerie. eo. [ne integration for. the aromatic protons is’ high by 
46%. 
be 3,4, 6-Tri-O-acetyl-2-0-benzoyl-a-D-glucopyranosyl Bromide (40) 

The above syrup (39), 13 g, was dissolved in 50 ml of 30% hy- 
drogen bromide in acetic acid, and 7 ml of acetic acid and 7 ml 
of acetic anhydride were added. After 6 hours at room tempera- 
ture, the syrup obtained on evaporation at reduced pressure, was 
dissolved in chloroform and washed successively with water, sod- 
ium bicarbonate solution and water. The chloroform layer was 
evaporated to a syrup with the n.m.r. spectrum in Fig. 46. Al- 
though apparently the almost pure expected product, the syrup 


would not crystallize. 
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ce a-D-Glucopyranose 1,2-(Isopropyl Orthobenzoate)-3,4, 6-tri- 
acetate (41) 


The above syrup (40), 2.28 g, was dissolved in 4 ml of s- 
collidine and 0.251 g of tetra-n-butylammonium bromide and 0.47 
ml of isopropanol were added. On warming to obtain a homogene- 
ous solution, a fine precipitate appeared, and after 20 hours at 
42°, the solution had set solid with crystals. The chloroform 
solution of the reaction mixture was washed with excess 2 N sul- 
phuric acid, followed by aqueous sodium bicarbonate. The dark 
syrup obtained on evaporation of the chloroform layer had a doub- 
beteotAshacinpesderpss.cat 4¢t13+reiThespyranoseeraung protonswgive 
a Similar pattern as that observed for the other glucopyranose 
1,2-orthoesters, but the product was impure. No crystalline 


product was obtained. 


3. Carbohydrate 1,2-Orthopivalates 
a's 1,3,4, 6-Tetra-O-acetyl-2-0-pivalyl-a-D-glucopyranose (42) 

1,3,4, 6-Tetra-O-acetyl-a-D-glucopyranose, 3 g (8.62 mmoles), 
in 9 ml of pyridine was treated with pivalyl chloride, 3.08 g 
(25,0 mmoles). After 3 hours, the product was isolated in the 
normal way, and crystals were obtained from the syrup on evapor- 
ation at high vacuum. Two recrystallizations from methanol-water 
yielded crystal plates, m.p. 109.5-110°, [a]p + Coe Ces Wee cau 
chloroform), n.m.r. spectrum shown in Fig. 47. Anal. Calcd. for 
C1945 99 1? 
D. 3,4, 6-Tri-O-acetyl-2-0-pivalyl-q-D-glucopyranosyl Bromide (43) 

The above crystals (42), 1.486 g (3.44 mmoles), were dissolv- 


Peo ly Osoee. rounds 0, S2.035° i, 0.20% 


ed in 5 ml of 30% hydrogen bromide in acetic acid, one ml of acetic 
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acid and one ml of acetic anhydride. After 9 hours, the product 
was isolated in the normal fashion. The syrup obtained, could 
not bencoystallazed, but had the n.m.r. spectrum in Fig. 48, in 
theoretical yield for the bromide. 

et (i) _qg- D-Glucopyranose 1,2-(Methyl Orthopivalate)-3,4, 6- 

triacetate (44) 

The above syrup (43), 0.55 g (1.21 mmoles), was dissolved in 
2 ml of s-collidine and one ml of methanol, (24.7 mmoles), and 0.2 
g of tetra-n-butylammonium bromide were added. The reaction time 
is significantly longer than that for the formation of orthoacet- 
ate. After one day at 60°, the reaction mixture was shaken with 
carbon tetrachloride and the s-collidinium bromide removed by 
filtration. The carbon tetrachloride filtrate was washed with 
excess dilute sulphuric acid and water and then evaporated to a 
Syrup, 0.3 g (61% yield), with the n.m.r. spectrum shown in Fig. 
49. 

(ii) a-D-Glucopyranose 1,2-(Isopropyl Orthopivalate)-3,4,6-tri- 

acetate (45) 

Using the above conditions but with isopropanol instead of 
methanol, the n.m.r. Spectrum of the syrupy product had a doublet, 
Spacinersnosp.siv’at 4.177. The overlapping of the isopropyl and 
t-butyl signals made it impossible to calculate the ratio of the 


two diastereoisomers. 
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4. Carbohydrate 1,2-Orthocarbonates 
a. 3,4, 6-Tri-O-acetyl-2-0-methoxycarbonyl-g-D-glucopyranosyl 

Chloride (46) 

3,4,6-Tri-O-acetyl-8-D-glucopyranosyl Chloride (Brigl's 
Chloride), 20 g (61.5 mmoles), was dissolved in 20 ml of s-collid- 
ine and 100 ml of methyl chloroformate. On warming the solution, 
gases were evolved. Carbon dioxide and methyl chloride are presum- 
ably formed by nucleophilic attack of the chloride ion produced in 
the reaction on the methyl chloroformate. This reaction amounts 
to a decomposition of the methyl chloroformate which must there- 
fore be added in a large excess. The reaction was carried out in 
a fume cupboard until almost all the methyl chloroformate had dis- 
appeared, around 4 hours. The products were extracted with carbon 
tetrachloride, removing the insoluble salts by filtration. The 
carbon tetrachloride solution was washed with dilutesulphuric acid 
and aqueous sodium bicarbonate, and finally evaporated to a syrup. 
The nsmer.4spectrumrshown in» Fig. 50;c1ndicated: that, the \anomer- 
ization had occurred as well as the esterification of the 2-hydro- 
Kyt,oun 90%, yields 
b. 1,3,4,6-Tetra-O-acety1l-2-O-methoxycarbony1-6 -D-gluco- 

pyranose (47) 

The above syrup (46), 21 g (55 mmoles), was dissolved in 100 
Mi, GLSacetic acid and 10 ml of acetic anhydride. Silver acetate, 
15 g (89.8 mmoles), was added and the mixture refluxed for two 
hours. The silver salts were removed by filtration on Celite 
and the filtrate evaporated down to a semi-crystalline mass in 


vacuo. The ethanolic solution of the crystals was decolorized 


ve 


aergaodisoont10-8,1 -s¢srbydodisd + .* ’ 
Lyzone 1yqo201g-U-p-fyaods sa yxods sit Oe SabytonerOnk aT Oa RE) ee | 
(4¢) sbizoldd 


é'igr24) shrrolm [y2ons 1yqoonhy-O-G-fytaoneO+iraT-0, byt 


-bilioo-2 to im OS-at beviozath eaw ,(estomm 2.f00¢g 08 ,febEJOtRe 
nottvuloe sit satmasw a .stsintotoroldo (¢daem bo fe O0i Bis ent 
Mye 974 fs @braotrios Iyditon hits shtxeib aodts) .bevlove stow 29268 
uk Beouborg soi sbixrclds adi to Asatte s'frngosdoun ya bsm10 yids 
atawoms cottz6s9 2:dT stews losoldo fydeom oft no gorsoee2° S08 
-—sisitt teum dora Stadveuaeciets ivitom odt Yo moktrecqmeosb s oF 
ak to beitis> 2ew noliaser saT .2esoxe sgzel s AE Gebbe sd sz02 
-zetb bs Bins 0 1; [dp fydtem oft fie te0mhs Litaw basodqus saptis 
nedisd dtiw bodositixs stew 2rauhorq edT .2eawod* Savots Pbemseggs 
91T .nvttsitl id 2ties siduleeni edt anbvemea,ebrtoldoas7ss 
bios stantigiie statty tiw bodesw esw coituloe sbivebdosiseF sedree 
-qury2 6 of betsiodsvs vifenri bits ,stsacodisotd mtekboe euvosups. bis 
-semoits sd? ject betsotbor ,.O¢ «gard ws Owone mursoegs «%.me0 9hT 
~Qabyd+S of4 to noitsortrretas oft en Llew 86 betaesso bad noites: 
-biety #00 né ,Llyx 

rooula-G~ &iynodissyxods on-O-S+ ty tegs-Veasg ets | 

CTS) seogeagg: 24h 

OOL oi bevioegeib eaw ,(esfomm 2) g IS .4GR) quaye svode eae ar 
-oteteo8 asvite .sbtibydms otteo5 to Im OL bee BESS stteos to fa 
owt vot bexrfte: sxyudxio sit bas Bbebbs esw ,CasLomm #.@8) a Oh, 
sfri1s0 no Mors sitiri vd bsvomes otew Bilsee asvits sit eae 


. . ; : i z j ow 
ai adam qnilisizy1o-imee & OF Awob bstsioqeve stetz0é2 shit Baw 


, ; a ee 
boesiruoloosb esw 2zintey12 ot Yo sottuloe sitloasits. sdT ou 
| ae 


48 


with Darco G 60 and water added to the clear solution. Shiny 
needle-like crystals, m.p. 129.5-130°, [a] 5 of 13040 1607e 1.12¢in 
chloroform) were obtained. The n.m.r. spectrum in Fig. 51 con- 


ftemsnéheastructurefieAnal.«Calcds:fortC H5 9045: Cs4Te2os 


16 
Hoeotson sHoundinCPido.98; H, 5.20. 


ce 354,6-Tri-O-acetyl-2-0-methoxycarbony1-68-D-glucopyranosyl 

Chloride (48) 

The abéve erystaise(47)5«0.5+¢°(1.23.mmoles), reacted»with 
aluminium chloride, 0.164 g (1.23 mmoles), in 6 ml of methylene 
chloride over half an hour with stirring. Dry benzene, 15 ml, 
was added to the reaction mixture, which was passed through a 
bed of 1/2 g of dry silicic acid. The benzene-methylene chlor- 
ide solution was washed with ice-cold water and evaporated to a 
crystalline mass, 0.31 g (66% yield). Recrystallization from 
benzene-Skellysolve B yielded material, m.p. 55-80° [a] , # S45” 
(co. 3 anechioreform). Recrystallization did not alter the prop- 
erties of 48; but crystallization from benzene alone, followed 
by grinding the crystals to a fine powder before drying in vacuo 
for one day, raised the m.p. to 103.5-104°. The n.m.r. spectrum 
in deuterated chloroform (Fig. 52), indicated the presence of 
about one-third mole of benzene per mole of 48. Anal. Calcd. for 


Cy 44199, 9C1, 0.353 (CgHg): C, 47.18; H, 5.20. Found: C, 47.44; 


Heeha 3s 
ds gq -D-Glucopyranose 1,2-(Dimethyl Orthocarbonate)-3,4, 6-tri- 


O-acetate (49) 
(i) The above ® -chloride, 0.765 g (2 mmoles), silver di-s-col- 


lidine perchlorate (1), 0.9 g (2 mmoles), and methanol, 0.5 ml 
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(12.13 mmoles), were allowed to react in 3 ml of methylene chlor- 
ddeys*stirring* overnight. After) the’ removal! of insoluble salts 

on Celite, the filtrate was washed with aqueous sodium bicarbon- 
ate and water, and finally evaporated to a syrup, with the n.m.r. 
spectrum shown in Fig. 53. 

(ii) The ad-chloride (46), 1.31 g, tetraethyl ammonium chloride, 
1.33 g, methanol, 4 ml, and s-collidine, 1 ml, gave a homogeneous 
solution which was thermostated at 50° for 2 days. A chloroform 
solution of the syrup from the reaction was washed with sufficient 
dilute sulphuric acid to neutralize the s-collidine, and then 
aqueous sodium bicarbonate. The n.m.r. spectrum of the syrup 1.05 


g, obtained from the chloroform layer is shown in Fig. 54. 


E. a@-GLUCOSIDE FORMATION FROM ORTHOESTERS BY ACID CATALYSIS 


An F and M Model 500, temperature-programmed, gas chromato- 
graph, equipped with recorder and integrator, was used for anal- 
yses by gas-liquid partition chromatography (g.-l.p.c.) of the 
trimethylsilyl (tms) derivatives (72) of sugars prepared under 
standard conditions. An 8 ft. coiled, copper column with 0.25 
in. O.d. and packed with 3% SE-52 on Chromosorb W (non-acid 
washed, 30-60 mesh) was found most suitable for the separation 
of tms derivatives of anomers. The @glucosides always preceed 
the B-anomers. However, the a- and B-derivatives of glucose 
were always present in the mixtures analysed and the trimethyl- 
silylated d-glucose had the same retention time as those of the 


simple trimethylsilylated a-glucosides examined. Conditions for 
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Separating the compounds were not realized although the effects 
of varying the flow rates, the polarity of the absorbent and the 
temperature (programmed or isothermal) were examined. Since 
under the standard deacetylation conditions employed, the ratio 
of a- to B-anomers derived from glucose in the trimethylsilylated 
product was constant, as determined by g.-l.p.c. whatever the 
source of the glucose (orthoesters or Q-glucose tetraacetate), 
the integration value for the a-anomer could be readily deter- 
mined from that of the ®-form. 

In preliminary experiments, known mixtures of pentaerythritol 
tetraacetate used aS internal standard, and alkyl glucoside tetra- 
acetates were deacetylated and converted to their tms derivatives. 
The correlation of mass to integrated area on chromatography, and 
the nature of concentration effects were determined. The peaks 
in any reaction run were identified by examining mixtures of 
known glucosides. The identifications were confirmed through 
nemer. Spectra and paper chromatograms. 

Retention times are not recorded since they were found de- 
pendent on the concentrations of the components in the mixture 
and the amount of the mixture injected. Between 30 and 50 pl 
of the pyridine solution of the tms derivatives were injected. 
Unless otherwise stated, the column was programmed for a temper- 
ature increase of 2.9° per minute starting from 110° and holding 
under isothermal conditions when 250° was attained. The flow 
rate was approximately 100 ml of helium per minute, with an in- 


let pressure of 30 p.s.i. 
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1. The Preparation of @-Glucosides 
ad Ethyl a-D-Glucopyranoside 

Anhydrous p-toluenesulphonic acid was obtained from the 
monohydrate, by crushingthe latter in ether. The ether extract 
was dried over phosphorous pentoxide and evaporated to a syrup 
in vacuo. The syrup dissolved readily in methylene chloride and 
the Hiner. “Speetrum showed no “andication of water and just a 
trace of ether, apart from the solvent and p-toluenesulphonic 
acid Signals. This p-toluenesulphonic acid solution was stored 
Sealed with a serum cap. Samples were removed with a syringe and 
were titrated against standard sodium hydroxide solution to deter- 
miné “the ‘concentration just before use. The ethyl orthoacetate 
(29),°0.381 g (1.01 mmoles), was dissolved in 2 ml of methylene 
€hloridé sand 07058 ml of ethanol, (1 mmole), in a dry polarimeter 
tube. To the polarimeter tube was added 0.147 ml of the p-tolu- 
enesulphonic acid solution (0.2 mmoles by titration). The change 
im-rotatzon (Diag’ 93) was followed until it was constant. A 
known fraction of the reaction mixture was added to one branch 
of an inverted "Y-tube" sealed at one end with a high-vacuum 
stopcock. “The solution was cooled to the dry-ice in acetone 
temperature and the system was evacuated. The stopcock was 
closed and the empty branch of the tube was cooled in the dry- 
ice-acetone bath. On warming to room temperature, the volatile 
components of the reaction mixture distilled into the cooled arm 
léaving a syrupy residue. The n.m.r. spectrum of the distillate 
was identical with that for ethyl acetate in methylene chloride, 


and at approximately the concentration expected should one mole 


easbreoovta-bD i AOrtAregsr1T SAT’ sh) oeR 


sbtzonpayqo3sld-G-) Lydta 26 


cori bentstdo 2sw bios sEtotqlvesnsutot-q°eRo7rbydoA >? 


isilis sdf sais nr 299s! sft gnbteuro yd .statbydonom 
jsirye & Of betsi0gsvs bis Ssbrxotnsg euosddgeodtq asvo beriblesw 
bas shbrrwotis snolydiom nt yvitbsén bevioeekh quaye suT <ouDsv nk 
Yau; bits tsw 20 notfevkbat on bewode moazgs9qe . tment Say 
2fnolgluzsteulot-q bose tasvilo2 sft wort tTreqs ,19dtS IO soatt 
notiuloe bios sinofqiveshovio¥+q aiaT’ -lelsagia base 

sy? | 2 itrw bevonms1a sisw 2elqnse .j59 murse s dtiw belsse 
St9b oF sottuloe sbhixo1byd muibost bisbaata senbawe betsitit si9w 
stsonorntro Ivdts ad .32u S10 led teu~ morrsavneonos sdt°enin 
‘yitom to tu S nt bevlozzib 2sw , (estomm 10.0) 9) 2882009 COa) 
hegivalod = at ,(slom £) ,loagdis to fm 880.0 Bae Ssbiaobds 
-ufot<q sift Yo for Tht. bebbs 2sw sduy astémiasiog dy OF  ladaéd 
sgosis olf ,(norisstrt yd estom $.0) noitetee bos staodglseeke 
* .idstetos ebw It [rinu bewoflol ecw CE wystd) aobkeaetorceel 
fongid ene ot bebbs 25w surtxtm noktesés sdt Y notteesY awoadt 
muuosv-lard 6 titrw bas sno ts belase “sOer-¥" bSotazasvob ae aO 
970%99q ni soh=yub sft of belooo A@ew gotteice sat -Anorqose 

sw ADooqote iT -hoisvosve 2ew meteye Sod Bae Siedeseqaee 

“yYrb ofit az beleood eew sdut odt° Yo donned yiqus ont bre Bosoks 
sitzelov sd} ,.otulsrsgmes moon oF Bitmzew nO ahead S807 CoB +89E 
mas boloos sit ofnt belbiteip srodxctm aoitsss: ef? Yo 27 ren0qmo9 


steileterh oft Lo murtoode srimen SdTt  .enbreee yquiaye s sais 
,sbtieido sieiyitem ot stgtsos [yvdts 10% tedd déiw teotensbt & 


roe 
eg 
slom sue Hluods beYoonxe sobtartnsones sit vib s ts bne 
vLorsmixo2rqgs ) bm 
pes) 
¥ 


52 


of ethyl acetate be produced per mole of orthoester. The distil- 
late also gave a peak on g.-l.p.c. at room temperature which co- 
incided with that of ethyl acetate. 

The remaining fraction of the reaction mixture, correspond- 
ing to 0.239 g of orthoacetate initially, was evaporated to a 
syrup and 0.079 g of pentaerythritol tetraacetate were added. 
Vhe Ps yeuppwasidassolved in 2 ml of methanol and 2 ml of water. 
After one hour, one ml of triethylamine was added and the solution 
was left at room temperature for 5 hours. The syrup obtained on 
evaporation was dissolved in 3 ml of pyridine and 0.6 ml of hexa- 
methyldisilazane and 0.3 ml of trimethylchlorosilane were added. 
On examining the products by g.-l.p.c. and from the integrations 
ofithe.signdls for thesproducts relative itorthat of the antérnal 
Standard, the actual yields from the orthoesters could be calcu- 
lated on a percentage molar basis. Ethyl a@-D-glucopyranoside was 
formed in 53% yield, ethyl 8-D-glucopyranoside in 32% yield and 
the a- and B-glucoses in 10.6% total yield. Thus 95-96% of the 
orthoester was accounted for. Since the experimental error, 
primarily due to shifts in the base-line of the chromatograph, 
was from 5-10%, the analytical results were within the experi- 
mental error in accounting for the orthoester. 
lig Isopropyl a-D-Glucopyranoside 
(i) Using the above procedure, the reaction mixture of the iso- 
propyl orthoacetate (30), 0.8 g (2.05 mmoles), 0.153 ml of iso- 
propanol, (2 mmoles), and 0.31 ml of p-toluenesulphonic acid 
solution, (0.4 mmoles by titration), in 4 ml of methylene chlor- 


ide, had reached a constant rotation after 12 hours (Diag. 3). 
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A fraction of the solution, to which was added a known amount of 
the pentaerythritol tetraacetate, was deacetylated under the 
standard conditions. The tms derivatives, prepared from the de- 
acetylated syrup, were analysed by g.-l.p.c. The mixture was 
found to contain the G- and ®-forms of isopropyl D-glucopyranoside 
and glucose. The yields from the orthoester were 67, 19.3 and 
9.1%, respectively. 

The rest of the reaction mixture was washed with aqueous 
sodium bicarbonate and evaporated to a syrup, which was sufficient- 
ly soluble in deuterium oxide to give the n.m.r. spectrum shown in 
Bigecssce The nemynsd spectrumtin2chloroform*isnshown sin Fig. «56. 

A DMSO impregnated paper chromatogram gave only one spot at the 
Origin. Under the same conditions, the eee pee and QR -gluco- 
Side tetraacetates had run off the paper. 

A sample of the syrup, 0.111 g, was acetylated overnight in 
one ml of pyridine and one ml of acetic anhydride. The syrup ob- 
tained on evaporation was dissolved in chloroform, and the chloro- 
form layer was washed with hydrochloric acid and sodium bicarb- 
onate. The syrup from the chloroform layer had an n.m.r. spec- 
trum almost identical to that of isopropyl a@D-glucoside tetra- 
acetate. An ethanolic solution of the syrup was seeded with 
crystals of the latter and crystals were obtained of m.p. 85-86°, 
undepressed on admixture with authentic isopropyl a-D-glucopyrano- 
Side tetraacetate. 

The syrup, 0.16 g, was also benzoylated in one ml of pryidine 
and one ml of benzoyl chloride. After 12 hours, a little water 


was added to hydrolyse the excess benzoyl chloride. Then an ex- 
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cess of water was added, and the oil precipitated was extracted 
with chloroform. The chloroform extract was washed with hydro- 
Cchloric acid and sodium bicarbonate solution and evaporated to 

a Syrup with the n.m.r. spectrum shown in Fig. 57. 

(ii) A reaction mixture,in which a large excess of jeiopnepanod 
was used, [‘thirteen moles per mole of the orthoester (35)], and 
trace amounts of p-toluenesulphonic acid were added until the 
optical rotation was not affected by further additions, was de- 
acetylated and the tms derivatives prepared in the standard man- 
ner. The analysis by g.-1l.p.c. showed that 69% of the a-isopropyl 
glucoside had formed along with 20% of the 8-anomer and 15% of 
glucose. The total orthoester accounted for was 104%, which is 
within experimental error. 

(iii) A further experiment with picric acid as the catalyst was 
Carried out. To the isopropyl orthoacetate (35), (0.985 mmoles) 
and isopropanol, (1.05 mmoles), in 2 ml of methylene chloride, 
were added successive amounts of about 0.015 mmoles of dry picric 
acid over a period of 3 days until 0.07 mmoles had been added. 
The n.m.r. spectrum indicated that 30% of the orthoacetate re- 
mained unchanged. This amount was estimated from the relative 
intensities of the C-methyl signal at 8.37 (external TMS) and 
those of the acetyl groups. Addition of pentaerythritol tetra- 
acetate to serve as an internal standard, deacetylation and pre- 
paration of the tms derivatives under the standard conditions 
gave a product which, on analysis by g.-l.p.c. was found to cor- 
respond to a 34% yield of isopropyla-D-glucopyranoside and a 10% 


yield of the feanomer. Forty percent of the product was glucose. 
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C. t-Butyl a-D-Glucopyranoside 
(i) A reaction of the t-butyl orthoester (31), 0.802 g (1.98 


mmoles), t-butanol, 0.12 g (1.62 mmoles), and 0.3 ml of p-tolu- 
enesulphonic acid solution (0.41 mmoles by titration) in 4 m1 of 
methylene chloride, was followed polarimetrically. The observed 
rotation rose from 2° to 4.37° within two minutes after adding 
the p-toluenesulphonic acid solution. A maximum of about 13.03° 
was reached in 2 hours. The rotation then fell to a constant 
Value GPGlU767°%in*the next Yi2ZVhours? “A*portion”’of *the*reaction 
mixture was distilled as in the ethyl orthoacetate (34) reaction, 
and the n.m.r. spectrum was taken. The products indicated were 
T-=DUtanel WES e77 7s Se7Sehin becarbontetrachlorideér (73) °f, “t-butyl 
acetate [8.58T and 8.087, identical with authentic t-butylacetate 
in methylene chloride] and isobutylene [8.28T and 5.33T, 8.31 and 
574 fin tearbontetrachloride “(73)}. ‘The molar’ratios of these 
compounds were 1.37: 1: 1.5, respectively. A 32% yield of t- 
butylacetate was indicated by the relative intensities of the 
signal for the t-butyl group in t-butyl acetate and the total of 
the “signals for*acetyl groups ‘in the n.m.r. spectrum of the re- 
action mixture! *-Analysis'*by°¢i-1°p.c%, after preparation of “the 
tms derivatives under the standard conditions, was unsatisfactory 
due to overlapping peaks, but glucose was a principle product as 
confirmed by paper chromatography of the deacetylated syrup. 

(ii) The t-butyl orthoester (36), 0.736 g (1.82 mmoles) and iso- 
propanol, 0.153 g (2.55 mmoles), were dissolved in 2.4 ml of 
methylene chloride. The observed rotation was 3.62°. Picric 


acid, 10 mg, was added and within 1.5 minutes the rotation was 
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Med fhandguaftera29ahours, aiterosemtoel5s8°se At this time;.an 
nem.er. Spectrum of a sample of the reaction mixture had a signal 
at 8.317. The C-methyl groups for the t-butyl (36) and isopropyl 
orthoesters. (35) give signals at 8.22T and|8.3t, respectively, in 
methylene chloride. The intensity of the signal at 8.311 relative 
to the sum of the intensities of this signal and the acetyl-group 
Signals indicated that 42% of orthoester was still unreacted. One 
drop of s-collidine was added to the sample which was washed with 
water and evaporated to a syrup. The syrup was dissolved in ethyl 
acetate and: Skellysolve B added almost to turbidity. A crystal 
seed of the isopropyl orthoacetate (35) aided crystallization. of 
Mabhetaal withethe,melting»point, of .35<and.undepressed by, mixing 
wihthp25. 

To the main reaction mixture there was added a further 10 mg 
a .O10eieeecidims Theerotataon rose to 21,.44° after 20,5 hours. 
The addition of 13 mg more of picric acid raised the rotation to 
a2cieht¢erechbours.sopAtethisptame, theyn.m.rs.spectrum of ;thesre- 
action mixtugeicontaahned nojsignals,attributablé,to orthoesters. 
Addition,of.3:drops. of s-collidine. resulted in an intesification 
of the yellow color of the solution, which was washed with water, 
and evaporated to a syrup. A benzene solution of the yellow syrup 
was passed down an alumina column to remove the picric acid. On 
evaporating the colorless benzene eluate from the column, the 
yellow color reappeared. Therefore the syrup was again passed 
through an alumina column. Again, the yellow color reappeared 
On evaporation of the colorless eluate. The syrup was deacetyl- 


ated by the Zemplen method with sodium methoxide in methanol, 
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and the deacetylated syrup chromatographed on 40 g of Celite (66). 
The stationary phase was water Saturated with n-butanol and the 
irrigant was n-butanol saturated with water. Fractions of 25 ml 
of eluate were collected. Fractions 5 to 12 inclusive yielded 
crystals mp. 153°, [aly + 131.3°(c, 1.3 in water). t-Butyl-a-D- 
glucopyranoside is reported (74) to have a m.p. 150-152°, [a] ph + 
132°. The n.m.r. spectrum waS in complete agreement with that ex- 
pected for this structure. The yield of the glucoside was 47%. 
Paper chromatography of the crystals revealed a single spot, 


Ro ="5.12°°Practions 13° to'14° also contained material with i 
OA. aS well? as°a’ Slaphtlyslowér* band? *Fractions“15 to“ 62°%were 
combined and on paper chromatography showed at least 5 bands, 
the one with strongest intensity corresponding to Ra = 31° as*re= 
vealed with the silver nitrate spray. 

d. Dissacharide Formation 

(i) The isopropyl orthoacetate (35), 0.958 g (2.45 mmoles), in 

3 ml of methylene chloride had an initial observed rotation of 
5.97°. On adding 0.0275 g (0.145 mmoles) of triethyloxonium 
Fluorobbrateé® (75) 5 the”rotation rose within oné*minute to”"7.75°% 
and after 25 hours to 16.42° when the rotation appeared almost 
constant® "When the rotation was 9.7°°%an h.msr. spectrum: of a 
sample of the reaction mixture was taken. The sharp signals at 
8.28T and 8.45tT (external TMS) are most likely the orthoacetate 
groups of the two possible diastereoisomers. The intensities 
indicated only 20% of the orthoester had reacted. A further 
0.026 g (0.137 mmoles) of the fluoroborate was added and the 


rotation rose to 25.1° in the next 6 hours. Finally on addition 
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of 0.008 g (0.042 mmoles) of the fluoroborate, the rotation fell 
t0924.49° in half,an hour.and,after a, further 14 hours it rose. to 
26.53°. The solution was slightly discolored and its n.m.r. spec- 
trum had no C-methyl signal at 8.30T. The methylene chloride sol- 
ution was washed with aqueous sodium bicarbonate and water, and 

Been eVapOrated fo.a.-syrup, 0.73'¢,.with,theensem.r ¢,spectrum,shown 
dnePig.A4586 sThe,integration of.the.isopropyl.~signals indicated 

that the maximum isopropyl glucoside formed was 29%, when the acetyl 
peak integration is assumed to correspond to 12 protons. When an 
attempt was made to crystallize the syrup from ethanol-water, sticky 
crystals were obtained. These were boiled in ether and isolated by 
filtration as a fine white powder, 20 mg, m.p. 280-290°, [al 5 E 228" 
bé4e0 04 ean, Cchloxoform),, and.the)n.m.f.,spectrum,shown»in Big. 359. 
The remaining syrup from the reaction had (al p telOVC lc, dpQain 
chloroform). The syrup was deacetylated by the Zemplen method. 

A paper chromatogram of the deacetylated syrup was developed with 
the periodate-permanganate spray. A faint trace of glucose was 
indicated but an intense band moving at the same rate as the com- 
pound in section (ii) below, of Rg = 0.22, appeared to comprise 

the bulk of the product. | 

(ii) Triethyloxonium fluoroborate, 0.964 g (5.07 mmoles), and 
isopropanol, 0.38 ml (4.96 mmoles), were dissolved in 2 ml of 
methylene chloride to give a total volume of 3.2 ml. This solu- 
tion, 0.1 ml (0.156 mmoles of hydrogen fluoroborate) was added to 

a solution of the isopropyl orthoacetate (35), 1.39 g (3.56 mmoles), 
in 4 ml of methylene chloride. The rotation of the mixed solutions 


rapidly rose from 6.84° initially to 9.56° in one minute, and then 
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after 21 hours to 14.7°. After another 0.1 ml of the hydrogen 
fluoroborate solution was added, a further rapid rise in rotation 
within 3 minutes to 17.8° was observed, and in the next 21 hours, 
the rotation rose to 24.93°. To the solution was added the weakly 
basic resin Rexyn AG3 (OH). After shaking the mixture for 10 min- 
utes, the reSin was removed by filtration and the filtrate was ev- 
apordtéed*to a syrup; lelo°g. (The syrup had “an n.m.r. spectrum al- 
NGSt 2dentical tO6 that in (i) above, Pig. 58. The syrup could not 
be induced to crystallize, even on seeding with the crystals of 
mep. 280-290° in (i) above. A sample of the syrup was deacetyl- 
ated by the Zemplen method, and a paper chromatogram of the de- 
acetylated syrup revealed no bands when sprayed with the silver 
nitrate spray. When the paper chromatogram was run for 2 days and 
Sprayed with the periodate-permanganate spray there was a band at 
the origin but the main band had an Rg value or *0s225 “A aint 
band was observed at Ree te hee 
e. The Reaction of the Orthocarbonate (49) with p-Toluene- 

sulphonic Acid. 

The syrupy dimethyl orthocarbonate (49), (ig. 53), 0.414 g 
in 3 ml of methylene chloride, was treated with 0.3 ml of the p- 
toluenesulphonic acid solution, (0.42 mmoles by titration). The 
observed rotation after 2 minutes was 5.3° and this rose to a 
maximum of 8° after 3 hours and finally dropped to 6.75° after 
the next 19 hours. The n.m.r. spectrum of the reaction mixture 
(external TMS) contained a sharp signal at 6.181, with an intens- 
ity of about 60% of the total acetyl intensity attributable to di- 


methyl carbonate. Signals of approximately equal but very low 
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intensity at 6.437 and 6.51tare likely methoxyl peaks. The sol- 
ution waS evaporated to a syrup and the n.m.r. spectrum in methyl- 
ene chloride (internal TMS) contained signals at 6.437 and 6.53T 
of equal intensity. The intensity of a signal at 6.177Twas approx- 
imately equal to the sum of these intensities. The syrup was 
treated in the usual manner to obtain an analysis by g.-l.p.c. 


but the tms derivatives were poorly resolved. 


2. Mechanistic Investigations 


ae An Improved Synthesis of Oy Oe Thi sOsneen isis ae nec ete 
glucopyranose ("Brigl's Anhydride") 

Crude 3,4,6-tri-O-acetyl-®-D-glucopyranosyl chloride, 7.4 g 
(22.8 mmoles), m.p. 130-133°, was suspended in 60 ml of dry benz- 
ene and 2 ml of diethylamine by shaking for 1/2 hour. The solu- 
Plog wae tittered through a bed of 5 g of dry silacic acid and 
the filtrate was evaporated to a syrup, 1.43 g. The syrup rapid- 
ly crystallized from ether-Skellysolve B and 1.3 g of "Brigl's 
Anhydride”, m.p. 56.5-57° was obtained. The precipitate on the 
silicic acid bed was collected and reacted further in 60 ml of 
benzene and 5 ml of diethylamine for one hour. As above, 4.49 g 
of syrup was obtained which deposited 3.22 g of crystals, m.p. 
55-56° from ether-Skellysolve B. The total yield of "Brigl's 


Anhydride'was 70%. 


De Pieekencti0n of “"Brigl's Anhydride" with p-Toluene- 


sulphonic acid 
The doublet of spacing 2 c.p.S. at 6.957 assigned to the 


proton on carbon-2 in the n.m.r. spectrum of "Brigl's Anhydride" 


in methylene chloride is conveniently situated for reaction 
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Studies by n.m.r. spectroscopy. When one mole of p-toluenesul- 
phonic acid is added to one mole of "Brigl's Anhydride", in less 
Puan soseeminute,qthe*timestaken.to,scan.from Grator8ty, thesdoublet 
had disappeared. No well-defined anomeric signal corresponding 
tO,daqtosylate,could.be»found but a rough signal at 4T is observed 
(Fig. 60). If 0.2 moles of p-toluenesulphonic acid are added, the 
intensity of the 2-proton is reduced by about 20% and then takes 
about »2.days,to finally,.disappear. 

Thesnotation was,alsogfollowed: ; "Brigl's.Anhydride", 0.2302 2 
(1.05 mmoles), in 2 ml of methylene chloride had an observed ro- 
PatiOd GCliadele, constant.over 20 seminutes. ),Onsgadding,.0 18 ml.of 
p-toluenesulphonic acid solution (0.4 mmoles as determined by 
bateation) sowithine2 »minutessthe rotationswas ;15.598% and .it.then 
Boseec leads lyvaduning 6.84hours to.420.32?s. Onjaddingiasefurther 
0.18 ml of p-toluenesulphonic acid solution, the rotation fell 
to 19.7° but was rising steadily when the solution became too 
Gasecloredato take a reading. To this solution, -0.2 ml of di- 
ethylamine was added and it was then filtered through a bed of 
dry silicic acid. Elution with methylene chloride gave no prod- 
uct, but 10% methanol in chloroform as eluant gave 0.416 g of 
Syrup. The n.m.r. Spectrum of the syrup indicated diethylamine 
hydrogen p-tosylate aS an impurity, but on washing a chloroform 
solution of the syrup with water and aqueous sodium bicarbonate, 
the syrup thus obtained from the chloroform layer, 0.306 g, had 
the n.m.r. spectrum shown in Fig. 6l. 

When 1 mmole of “Brigl's Anhydride" in 2 ml methylene chlor- 


ide was treated with 0.2 mmoles of p-toluenesulphonic acid in 
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each of 5 additions at intervals of 3 minutes, jumps in rotation 
Ges. 35 peop s, 302 5° 793° Pand-0925° were observed, from an init- 
ial rotation of 9.27°. The rotation then dropped from a maximum 
of 22.25° to around 14° after 3 hours when the solution became 


too dark to take a reading. 


Gt Them Formation of *Glucosidées frome'Brigil's Anhydride™¢with 


p-Toluenesulphonic Acid as the Catalyst 
(i) Ethyl Glucoside Formation. 


“Briglts Anhydride™; 052974 grCl.03 mmoles); reacted with 
0.06 ml of ethanol, (1.04 mmoles), in 2 ml of methylene chloride 
in the presence of 0.09 ml of p-toluenesulphonic acid solution, 
(0.2 mmoles by titration). The observed rotation rose from 9.22° 
ele vos0 MeeLstninutes Pafid °thenWeradually*ferl to 9.75 after tal 
hours. The standard procedure used in the acid-catalysed ortho- 
ester reactions was used to analyse the reaction products by 
g.-l.p.c. The ratio of a- tof-ethyl glucosides was 40.8 to 
SO Re 

A portion of the reaction syrup was reacetylated and the 
n.em.r. spectrum of the acetylated material is shown in Fig. 62. 
lideornf dems ‘the ig fSleprescanalysis s« Of the “two 'partiallyvover- 
fappineperiplets tat ‘aboutps ish; that%at higher *fieldcissdueato 
the @-anomer by comparison with the spectra of authentic samples 
of the ethyl q- and 8-D-glucoside tetraacetates. 

Another portion of the reaction syrup was deacetylated and 
the paper chromatogram revealed a band corresponding to the 
ethyl a- and B-glucosides. After 3 days development of the 


chromatogram, additional spots were revealed (silver nitrate 
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Spray) with Rg = 0.0724 (weak), 0.296 (strong), 0.56 (weak). 
(ii) Isopropyl Glucoside Formation 

Exactly similar conditions were used as above, "Brigl's 
Anhydride", 0.3073 g (1.065 mmoles), 0.1 ml of isopropanol, 
(1.3 mmoles), and 0.1 ml of p-toluenesulphonic acid solution 
(0.235 mmoles by titration), in 2 ml of methylene chloride. The 
rotation rose rapidly to a maximum of around 14° in 15 minutes 
and slowly decreased to 10.38° after 22 hours. The usual proced- 
ure to obtain an analysis by g.-l-p.c. showed the % ratio of q- 
to8-isopropyl glucoside to be 41 to 59. To determine the repro- 
ducability of the reaction another run with "Brigl's Anhydride", 
Desieg,sasopropanol,.0.1.ml;,ps=toluenesulphonic,acid»solution,0.1 
ml, (0.26 mmoles by titration), was carried out in 2 ml of methyl- 
enejchloride,;for724-hours:.,QOn analysis, by+guslap-c. the, % ratio 
Of e543 t0(3)-~wasid225.to.5%«5.%i+In;both, the ,abeve;: reactions, : the 
Syrupy reaction products produced n.m.r. spectra in chloroform 
(Fig. 63) similar to those (Fig. 56) from corresponding ortho- 
ester reactions. Acetylation of the syrups gave the n.m.r. spec- 
tra expected for mixtures of se and @-glucoside tetraacetates as 
judged by direct comparison with the spectra obtained from authen- 
tic samples of the isopropyl q- and 8-glucopyranoside tetraacet- 
ates. The relative intensities of the signals from the methyl 
groups of the isopropyl group and the signals from the acetoxy 
groups indicated that the isopropyl tri-O-acetyl-a- and 6-D-gluco- 
pyranosides were formed in 87% yield. Therefore, only 13% of the 
"Brigl's Anhydride'could have polymerized. Paper chromatograms 


of the deacetylated syrup revealed a band, not well resolved, cor- 
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responding to authentic isopropyl q- and @-D-glucosides. When 
the chromatogram was developed for 3 days, additional spots (sil- 
ver nitrate spray) were found at Rg = 0.079 (weak), 0.296 (strong) 
and 0.59 (weak). 
d. Reactions of Orthoesters with p-Toluenesulphonic Acid 

The “isopropyl orthoester (35), 0.8 g (2.05 mmoles), in'2 ml 
of methylene chloride was treated with one ml of p-toluenesulphon- 
PePeerd Sot tion®’Cll725 mmoles by’ titration) Y**The retation’ rose 
PRomMAbDSU E*699TS 24.759 Pan 5s0¢minutes and then’ gradually fell: 
The “solutiron became ‘too discolored ‘to read. After 3 hours, the 
methylene chloride solution was washed with aqueous sodium bicarb- 
onate, and then evaporated to 0.472 g of a syrup. The syrup was 
not eluted hy chioroform from a*S°g bed of silicic acid but was 
by 10% methanol in chloroform. The syrup thus obtained was re- 
acetylated to yield a syrup with the n.m.r. spectrum shown in 
Fig. 64. A DMSO impregnated paper chromatogram showed a band 
only near the origin under conditions where the isopropyl gluco- 
Side tetraacetates had run off the paper. 

In a similar reaction 1.96 mmoles of 35 and 0.31 ml of p- 
toluenesulphonic acid solution, (0.4 mmoles by titration) in 4 
ml of methylene chloride gave the polarimetric rate shown in 
Diag. 3. After 23 hours a known fraction of the reaction mix- 
ture was treated in the usual manner to obtain an analysis by 
Pesl-pve: “The “integrations relative ‘to thé internal Standard 
of pentaerythritol tetraacetate indicated 21% of isopropyl a-D- 
glucoside, 4.6% of the B8-anomer and 27% of glucose were formed. 


An n.m.r. spectrum of the reaction solution had a peak at 8.2771, 
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(external TMS), which could be assigned to unreacted orthoacet- 
ptent 352). 
e. Treatment of Isopropyl a-D-Glucoside Tetraacetate with Acids 

Isopropyl 8-D-glucoside tetraacetate (2 mmoles), and 0.2 ml 
of p-toluenesulphonic acid solution (0.354 mmoles by titration) 
in 4 ml of methylene chloride did not change in rotation after 3 
days. Isopropanol, 1.5 ml (19.6 mmoles), was added but the re- 
action remained constant. The solution was washed with aqueous 
sodium bicarbonate, evaporated to a syrup and readily crystal- 
lized from ethanol to regenerate the §-glucoside, m.p. and mixed 
Weel Cel a Similac way, it was shown that picrigaou did 
not cause reaction of the B-glucoside. 
ie Diastereoisomers of Orthoesters 

When the isopropyl orthoacetate (35), 0.704 g (1.8 mmoles), 
was dissolved in 2 ml of methylene chloride containing picric 
acid. O.003 2 (0.0013 mmoles)? -within-6ne minuteerhesobserpved ro- 
tation rose. from 6° to 6.52°. After 9eslhours the rovyation“was 
P40" and 2. further 0.003 ¢ of picric acid was added. in the 
next 2 minutes the rotation rose to 8.78° and to 9.2° during the 
next 14 hours. The addition of a trace of isopropanol (one pL) 
did not significantly alter the rotation. The n.m.r. spectrum 
of the reaction mixture, Fig. 65, has the C-methyl signals char- 
acteristic of the "exo" and "endo" orthoacetates (Fig. 39) at 
8.31T and 8.47T. The intensity of the C-methyl signals relative 
to the total acetyl and C-methyl signals indicates 93% of the 


mixture is composed of orthoacetate. 
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DISCUSSION 
A. THE FREPARATION OF GLYCOSIDES USING HALONIUM IONS 


Initially this research was an extension of the work of 
Lemieux and Levine (44). The mechanism postulated for the pro- 


duction of 2-deoxy-2-iodoglycosides is shown in Scheme I. 


+ 
ROH ai 
CH. OAc 
AcO ° 
AcoO R 
I 
Scheme I 


The positive iodine, generated by the reaction of silver 
perchlorate with iodine, reversibly forms a complex with D- 
glucal triacetate. Two possible stereoisomers are formed, and 
these undergo nucleophilic attack by the alcohol at carbon-1 


exclusively, due to partial delocalization of the positive charge 
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onto the ring oxygen. Only two 1,2-trans-adducts are thus ex- 
pected, which will have the a-gluco- and a-manno-configurations 
as shown. Silver perchlorate and s-collidine were the preferred 
reagents as they are unlikely to interfere in the nucleophilic 
attack by the alcohol on the iodonium-olefin complex. 

It was found that the larger the alcoholic grouping, the 
greater was the yield of the g-manno-configuration. When methanol 
was the alcohol a 55% yield of the a-mannoside was obtained, but 
with t-butanol an 85% yield, as determined by the integration of 
tne-nem.re spectra’ of * the*ctride reaction syrupst" Since’ the°yields 
of glycosides were virtually quantitative when equimolar amounts 
of the alcohol and D-glucal triacetate were used, an obvious ex- 
tension of the reaction was to the preparation of 2-deoxy-2-1i0do- 
disaccharides. It was expected that the a-manno-configuration 
should be formed predominantly from the observations on the above 
Simple alcohols. 

It is well known that cyclohexene oxides of fixed conforma- 
tion undergo opening on nucleophilic attack to yield the diaxial 
product in preference to the diequatorial product. This property 
is known as the Furst-Plattner rule (68) and has been attributed 
to the steric and electronic demands for the nucleophilic attack. 
Assuming that the iodonium-olefin complexes are cyclic as indi- 
cated in the above formulae and if the rate controlling step is 
the attack of the cyclic iodonium ion by the alcohol, for reasons 
of the Fulrst-Plattner rule, it could be expected that the pre- 
ferred route of reaction would be to give the 1,2-diaxial product 


(q-D-manno-configuration). The q-D-manno isomer was in fact the 


eyo 


x5 2udt sts 2iovbbse-2nex7-£,f owl YIN seoBYAe natx sdt oto 


rits1ueb iwon-ounnm—o baa -ooelg-e) od? oved litw dotdw ,betoeq 
ix6t91q sft stew satbrlioo-2 bas 9tarotdo1sq sovti2 .owod2 2@s 
nitidaostoun edt ab ssolsestakt of vlodifau sts yous es erasgess 
_xefamop nizefo-muinobot sit no forools sdt yd Asstt 

drauoi »stlodools sdo regzel sdt tedt baivot 2aw +1 

nediom wodW .norttstest} 5 <ediietinn eit Yo bisty 949 @sw i9stsstg 
obizornsn-0 sft to biety £¢@ s Lodosis ond eaw 
r7isieB97 oft vd bentmsasieb 2s .b1sby Ft6 ne fonstud-t dtrw 

ery sit sont ,aquiye dobiosst ebuxrs 3a7 Yo g1t99q@ «140.0 Sdt 


lomrups codw S$¥LisgLiasvp iIipotaty o19Ww eebpeooyls to 


ivan -bg2t) 919W eteteont1? fsowiyg-@ ns fodosis sds yo 
hok-S-yxosb-S Wo nottsreqsTq sdo OT 28w norroasst ott to acoktenst 
rorteimueitoos-onttsm-y ef) tet Bbestoeqxs eaw ti .29biisdoosetb 
ds soit mo enor Leech ot mor yitoantimobsesq bemioi 9d bluode 
.elodoole slqute 

em ro twon bexit lo eobizo susxafolsys ted? awond ifewer gt 


[nixeath oft blety of Adatts ObMidqosfown 20 gainego ogzebal ROL 


fetxotsupsih off of sonerststg mf Foubor 


org ec .rouboidg 


beyudtiatis o9ed esd boa (88) siu' s9nytel F-22109 oft en nwondl ef 
Aoetis siltdaosloun eds 20? ebmsmeab sino sels bas oiuste odt of 
-thot 28 2kfoyn ots 2oxolqmoo ottslo-~mutsobot sdt adv grtmuask 
at qete antifoitacs sis1 sds $2 bos eslumzol svods sdz ak bets? 


anoe@esy rot ,fofeotks sdt vd not mutntébot sefoys sdz Yo Aoedde Sat 


ié 


-si1q sdt tens bseTtoeq*xo od - bi uo tt ,siui rontteld-tes09° Sd¥ Yo. 
toubouq Isixstb-S,! sdt svig oF od Bluow nokT9891 16 stor betas? 


sid son? Of Bew remoet ontsoer-G-p sdT  .(nokssigkiads 


67b 


main product of the reaction both when methanol and t-butanol were 
used (44). The extent of the reaction leading to the g-D-gluco- 
configuration (diequatorial product) was great as compared to 
those normally observed in reactions of cyclohexene oxides. The 
participation of the ring-oxygen may account for this difference. 
The fact that the attack by alcohol was entirely at carbon-1 re- 
quires that the ring-oxygen helps stabilize the transition states 
for these reactions, aS already mentioned. Consequently, these 
reactions are certainly not analogous to reactions of cyclohexene 
Oardes2)] oiifact, 1011s possible tthatsuthe diéquatortal products 
primarily due to the stability of the oxocarbonium ion which 
may form aS an intermediate in the reaction. The greater yield 
Ofsethe Gdiaxial product using t-butanol suggests that diaxial 
Opening is less sterically demanding than is the route of reaction 
which leads to diequatorial product. 

Any speculation on the possibility of thermodynamic control, 
for example by the anomeric effect (14,15), can be considered 
only when the relative stability of the two configurations formed 


is known (see p. 107). 
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In preliminary experiments, finely ground silver perchlorate 
was used but it was found to be unsatisfactory on account of in- 
soluble silver iodide coating the silver perchlorate crystals. 
The solubility of silver perchlorate in ethylene carbonate permit- 
ted a homogeneous reaction but increased the problems concerned 
with eliminating traces of water from the reaction mixture and 
also made the isolation of the product more difficult. 

Carlsohn (76) had prepared positive iodine complexes with 
s-collidine such as the hydroxide corresponding to the formula 
[I(s-collidine), ,]OH. In a later paper (77) he described the 
formation of bromonium dipyridine perchlorate, and referred to 
iodonium di-2,6-lutidine nitrate and the complex with s-collid- 
ine, [I(s-collidine), ,]NO3. 

The general methods used in this thesis to prepare the 
complexed halonium perchlorates for use in Prevost-type re- 


actions may be summarized as follows: 


RENO peer eaNTOLO, Nt °2B [Ag(B),] ClO, + NaNOz, 


[Ag(B)5] C10, + X5 =? [X(B).,] C10, + _Agx, 

where B is an aromatic heterocyclic amine, and X5 is a halogen 
molecule. The first stage was carried out in aqueous solution 
and quantitative yields of the complexed silver perchlorate were 
obtained with complete metathesis of the anion. The crystalline 
product did not give a brown-ring test for nitrate. As expected 


from the highly reactive state of positive halogens, the second 
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stage, in which the halonium complex was produced, was more diffi- 
GuLt to Carry outs The problem of finding a suitable solvent to 
dissolve the silver complex and yet which did not react readily 

Wa tiehelonium a10ns, necessitated thé rapid isolatign fof crystal- 
line products if good yields of uncontaminated material were to 

be obtained. The stability and solubility of the complexes varied 
widely. For example, bromonium di-s-collidine perchlorate (7) is 


soluble enough in CH,Cl 10 .f1Ve atiileMals eo DECtRUMs aries. Ls 


2 
The partial delocalization of the positive charge on bromine over 
the aromatic rings is evidenced by the deshielding of the protons 
Eelative to. the chemical shifts of s+collidine in chloroform. Io- 
donium di-s-collidine perchlorate (4) is much less soluble in 
chloroform. It also appears less stable than the bromonium com- 
plex (7) since it decolorizes on standing in air with the libera- 
tion of iodine. The bromonium complex (7) on the other hand still 
gives good analyses for positive bromine after one month. If the 
complexes with pyridine are considered, it is the iodonium complex 
(6) which is more stable than the bromonium one (9). One would 
expect the bromonium complexes to be the less stable, but s-col- 
lidine is a stronger base than pyridine which will help minimize 
differences in stability. Also, in the iodonium complex (4) the 
2- and 6-methyl groups on s-collidine will interact more strong- 
ly with the iodine than they will with the bromine in the complex 
(7). This may account for the unexpected stability of 7. In all 
cases, the analysis was by the titration of iodine liberated 


when aqueous potassium iodide is added to the complex dissolved 


in methylene chloride (78). The analysis always corresponded 


. mit 4. 
-rilith siom e5w ,bsauborq 2aw xebqtioo nine 
Oo tesvios skdgtiue s anibnrt th mealdorg ad 
vitbssa tossy toh bb dordw t9¥ bne notes - sovhia, dt oul 
-letzya9 to gortteloat bigs Stk barsiee 29990 Jaen aviaoted di 
‘+ stow Isiiotsm betgaimetaoshv io Sahsty Boom ti etouborg + wi : 
betusey esxsiquos of? to vtrlidutoe bos yiihedete sit -beniasdo ied 
ei (VY) steioldnasq sntbilles-e-fb muridmogd.~siymaxs, 204. av. ne 7 
hail 
(avo onimord mo sgxeds svitteoa sdt to nobreseiaooleb fetiwsq, dT a 


afolnrq off to gutblerdesb stit qd bsansbrvevekr Saakz Jit amor a 
-o] -mzolouolfios ar onrb£rtlon-a to etinde fsotmeta add .0F svit 7 
nx sldudoe e29f doum ec Ch) staxo Ldp as onibitioo-~e-ib muis ob 

-—moat iriomoxrwd saht ded? sidgete aeeli 27ssqia oals at hgh: : 


-srsdil sft driw 10s né gatbapte no 29s fseneeeh 22 sonke Th); 


ilit2 Ons tadto sit so CY) xelqmos muneOnaa sam,» -onkbor tou MOL. 
- 
“it iL .dtnom sno 19t%s ontoogd sviteeog ang eeeylsos naa 


, a“ . . . ‘ * * 2 i 
yxOLaMOD mucnohor whi er tt ,baersbianod sis sn rbhsayd dtiw soxelquoy 


) $no0 murcnomaxrd. seriy asd? aldata 910m 2i. dots w (3) 


2 = 


> 
-lad-2 tud ,sfdete 2gel oily od oF 2sxeTane, a baer ont 


. « a) : 
sSturnen ylst [lew cortw srcbttva asad eed r9ancit 6 tah at 
i 

; ' ‘ P ia pe von9 cn 

af? (8) xslqnoo mutnohel edt mk ,~oswA: \iibeeere ab . nade a9 ib 


pa vr a #8. -. 
“ano 1t2 s10m tosnustni [low emebkEbios-)| no ae ed 321 1~d ba is -S 


eit a2 


xelquon sdt af vaimord sit driw Pew (ould ‘updd or bos it dtiw- 


re 
—* oe ne 


fiecl .V to ytifidete beta syxene a 10% sa es fi a ett 


Hhetsasdil on kiot to cormagty sat a sw ef 
ae 
ie i 


bebsoqg2 51109 eysents ote (iaits, we " 


am 


de 
ext as 
bevilozeib xolqnnn sft oF vation 22 | eis #3 1 


ae 


' 


ace - 


70 


wm, 


? 3 


e 4 \( [Aaa SE £ [SAMS MaARIR 
Bromonium Di-s-collidine Perchlorate (7) (Methylene Chloride) . 
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Fic. 2. rue Product’ or the Chlorination of s-Collidine (Neat). 
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Eig, 3S. Methyl 3,4,6-Tri-O-acetyl-2-deoxy-2-10do-a-D-manno- 
pyranoside (10) and the Corresponding B-Glucoside 
(11) (Chloroform). 
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closely to that of two molecules of the base per positive halogen, 
even in the case of s-collidine complexes, compounds for which 
Carlsohn (76,77) usually obtained 3.5 molecules. There is a strong 
tendency for unipositive halogens to assume a coordination of two. 
For example, iodonium dipyridine nitrate is conducting in solution 
but iodonium monopyridine nitrate is not (79). It is possible 

that Carlsohn's compounds contained molecules of s-collidine sol- 
vated in the crystals or s-collidinium salts as impurities. 

Uschakow and Tchistow (80) prepared various halonium complexes 
and later they isolated chloronium dipyridine nitrate (81) .When we 
attempted to prepare chloronium di-s-collidine perchlorate, all 
that was obtained was a mixture of s-collidinium perchlorate and 
chlorinated s-collidine. The mixture of aftctaadzed s-collidine 
had one major component as shown by vapour phase chromatography, 
andsthe nemers spectrum; Pigs v2;candicated\that this'iwas13=chi6ro- 
S-collidine. The three main peaks between 7.5t and 87 are readily 
assigned to the methyl groups, now that each one is in a differ- 
ent environment. The signal at 3.35T corresponds to one ring pro- 
tonsil iThensignalstof “lowtintensity at about 5.5T are»most' likely 
due to chlorination of the methyl groups. Benzyl chloride in 
carbon tetrachloride has an n.m.r. spectrum with the methylene 
BpsoOrpeionsst rs Shr C739% 

Pyridine is less susceptible to electrophilic substitution 
than s-collidine, and when attempts were made to prepare chlor- 
onium di-pyridine perchlorate by the standard route, although no 
crystalline product was isolated, no evidence was obtainable of 


chlorination of the pyridine ring. 
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In order to test the products of the reactions when complexed 
halonium perchlorates were used instead of the silver salt and 
halogen in the modified Prevost reaction of Lemieux and Levine 
(44), the iodonium and bromonium di-s-collidine perchlorates were 
treated with D-glucal triacetate in the presence of one mole-equiv- 
alent of methanol with chloroform as the solvent. The reaction is 
essentially homogeneous since the complexes are appreciably soluble 
in chloroform. An 82% yield of the product with the q-manno-con- 
figuration was obtained in the reaction with the iodonium complex 
(4). Since the reaction was carried out in chloroform instead of 
benzene (44) the higher yield of the q-manno-isomer could be at- 
tributed to.a solvent effect but this is unlikely since both sol- 
vents have low dielectric constants of 2.284 (benzene) and 4.806 
(chloroform) at 20°C. In view of the strong tendency of halonium 
ions to have a coordination number of two (79), speculations as 
to the possibility of s-collidine being complexed in the transi- 
tion state, when iodonium complexes are employed, may be enter- 
tained. Lemieux and Fraser-Reid (45) showed that the presence of 
s-collidine in the iodomethoxylation of D-glucal triacetate in 
methanol using iodine and silver acetate, also increased the 
yield of the @-manno-isomer. 

The-nl.mera spectrum:( Figs. 8): of the, product, formede using. the 
bromonium complex showed signals for three different methoxyl 
groups; 6.43, 6.53 and 6.56tT. A comparison of the spectrum shown 
in Fig. 8 with that of Lemieux and Fraser-Reid (45) confirmed 
that the product is mainly a mixture of methyl 3,4,6-tri-O-acetyl- 


2-bromo-2-deoxy-a-D-mannopyranoside (14) and the corresponding 
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B -glucoside (15). The major component, methoxyl signal at 6.56T 
was compound 14 (45). The methoxyl signal at 6.43T corresponds 
to the minor component 15. The trace of product having a methoxyl 
Signal at 6.53T is thought to arise from the a-anomer of 15. 

lmethe extension of the reaction to the synthesis of dis- 

accharides the "alcohol" used was 2,3,4,6-tetra-O-acetyl-8-D-glu- 
cose. The 2-deoxy-2-1iododisaccharide heptaacetates expected were 
not obtained crystalline but deacetylation with triethylamine in 
aqueous methanol (82) yielded crystalline g-D-glucopyranosyl 2- 
deoxy-2-iodo-a-D-mannopyranoside (12). The structure of 12 was 
determined by its physical and chemical properties and its re- 
duction to a 2-deoxy sugar, in the following manner. 


Elemental analysis corresponded to a molecular formula 


y Gases, 


Col max 


To a 


firmed the presence of the C-I bond, by comparison with that of 


O, 91-H,O. The ultraviolet spectrum BSS mpC|e470) con- 


methyl 2-i0do0-2-deoxy-3,4,6-tri-O-acetyl-a-D-mannopyranoside, 
Hee 250 mp (e770). The n.m.r. spectrum of 12, after exchange 
of hydroxyl protons in deuterium oxide, Fig. 4, gave a signal at 
fPoesot With @ Very,smallpspacing, of thevorder of O- 1 Tep.s. It 
seemed most likely that the signal arose from the anomeric proton 
of an q-manno-moiety. It is found generally, that the anomeric 
protons of q- and g-glucopyranosyl derivatives have spacings of 
oe Oe ps ae and a Oe pe Sey respectively. Although the 
Spacings for the anomeric protons of ee and @-mannopyranosides 
are both in the order of 1 c.p.s., the mechanistic considerations 


together with the results obtained using methanol as the alcohol 


are in favor of the a-manno-configuration. This configuration 
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Fig. 4. B-D-Glucopyranosyl 2-Deoxy-2-iodo-a-D-mannopyranoside 
(12) (Deuterium Oxide). 
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PLCs o's B-D-Glucopyranosyl 2-Deoxy-2-iodo-a-mannopyranoside (12) 
(Deuterium Oxide and Trifluoroacetic Acid). 
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was in fact established by the n.m.r. spectrum of the product of 
hydrogenolysis as indicated a little later. The anomeric hydro- 
gen of the @-D-glucopyranosyl moiety is partly hidden under the 
deuterium hydroxide peak at 5.23tT. Attempts to shift the deuter- 
ium hydroxide peak by the addition of one drop of 10 M sodium 
deuter-oxide.resulted;in extensive,degradation. ,;The. solution 
assumed a yellow color. The signal at 4.35tT had disappeared in 
the.timestaken,tosscan;ythe spectrum.;,On adding» nitric.acid.to.the 
yellow solution it turned colorless, and addition of aqueous sil- 
ver nitrate paveia yellow precipitate of. silver iodide., The \jde- 
composition is most probably due to the 2,3-trans-elimination of 
hydrogen.iodide from 12 catalysed.by the strong base. Trifluor- 
acetic acid was successful in displacing the deuterium hydroxide 
peak, Pig. 5; without;+hydrolysing the glycosidic, linkage too 
quickly. Integration showed that the signals for two protons 
were underneath the deuterium oxide peak, and the rest of the 
spectrum integrated for 11 protons. The anomeric proton of the 
B-D-glucopyranosyl moiety was not readily observed in the pres- 
ence of the other ring proton. The bromine analog (16) of 12, 
gave a spectrum, Fig. 9, which was almost identical but for minor 
chemical shifts. For the bromo compound (16), a typical spacing 
for~diaxialecoupling of .protons.was.observed)of,-8.cipsS..at;,5s52T, 
(Fig. 10), after the addition of pyridine and it was assigned to 
the 8-D-glucopyranosyl residue. 

Compound 12 was hydrogenolysed with palladium on charcoal 
as the catalyst, and acetylation of the product yielded the crys- 


talline heptaacetate, 13. Final proof of the structure of 12 was 
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obtained by interpretation of the n.m.r. spectra of compound 13 
and of the product formed on deacetylation of 13, which are given 
uories, O and: 7, respectively. In the,case of compound 13, the 
Signals from 4.5T to 5.5T have the intensity of 7 protons and are 
asSigned to the 5 pyranose-ring protons on carbons bearing acetoxy 
groups together with the two anomeric protons. The signals from 
Sette Oot “correspendeto 6 protons and are assigned to the car- 
Lone S and carbon=6 protons in both rings. The twenty one acetyl- 
Proup PrOorvons «and the-two methylene-group protons are expected to 
Pee ease ts iiiethe re prone 7st torso. integration indi- 
Geared 1Wenry, three protons in this. region.aS, expected, forthe 

Sut cverureyeesiened to 13.’ The deacetylated product of 13 was not 
Chiat eaeiivarecrystalline condition but the n.m.rf. spectrum of the 
Syrup, Fig. 7, 18 that expected for Sadie aa eNied ni paneeen 
Pelee liconyriapnoside. lhe doublet of antensityone.at.5.3 7 with a 
Spacing 7 c.p.s.is readily assigned to the anomeric proton in the 
68-D-glucopyranosyl moiety. The position and structure of the sig- 
nal at_4.6T with an intensity corresponding to one proton is that 
expected for the anomeric proton of a 2-deoxy-q-D-glucopyranoside 
(44). Lemieux and Levine (44) also could not resolve the quartet 
expected from weak coupling of the anomeric proton with the two 
protons on carbon-2. For the R-D-isomers well resolved quartets 
were obtained. As expected the signals from 5.7t to 7t integrat- 
Serr ee LonissalieL voce from {.oT tO &./t L6r two protons, 
readily assigned to the methylene group. A first order analysis 
of the methylene group was not possible. 


As expected the deacetylated product was rapidly hydrolysed 
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Fig. 6. 2,3,4,6-Tetra-O-acetyl-~8-D-glucopyranosyl 2-Deoxy-3,4,6- 


tri-O-acetyl-a-D-glucopyranoside (13) (Chloroform). 


Fig. 7. 6-D-Glucopyranosyl 2-Deoxy-a-D-glucopyranoside 
(Deuterium Oxide). 
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by dilute hydrochloric acid (typical of 2-deoxyglycosides), to 
give D-glucose and 2-deoxy-D-glucose as shown by paper chromato- 
graphy. 

The modified Prevost reaction was extended to the prepara- 
tion of the bromine analog (16) of the 2-deoxy-2-iododisaccharide 
(12). Its structure (16) was deduced from the n.m,r. spectra 
shown MiarrBigs.. “9 “and ‘10.>8<The’ signal “at 4.437 as° readily assigned 
to the anomeric proton of the 2-bromo-2-deoxy-a-D-mannopyranosyl 
moiety. When pyridine is added to shift the deuterium hydroxide 
Signal, the above signal is now found at 4.77 and}ta doublet of 
Set ilpaceGe sss. cat Jeont 15 revealed, although partly obscured 
by another signal. Nevertheless, the signal can be safely assign- 
ed to the anomeric proton in the @-glucopyranosyl moiety. The 
confirmation of the structure was completed by reduction and acetyl- 
ation to the 2-deoxy-neo-D-trehalose heptaacetate (13). 

The molar rotations of compounds 12 and 16 and of related 
glucosides are reported in Table III. Following Brewster's 
SopLodcwmeLO tne eras Lona lazation. Of optical rotations. (83), the 
difference in rotation between I and II 1s described by, 

2k (0-H) + k(CI-H)(O-H) + P(C51)” = 342 - 163 = 177 

Compounds III and IV differ in configuration in the same way 

as do I and II and their rotations-differ to about the same ex- 


tent (158°). Thus the configuration assigned to 12 is confirmed. 


* Brewster has no notation for the permolecular screw pattern but 
he aSsigns the empirical value of 60° for an axial hydroxy group 
at Cp or Cy in the tetrahydropyran ring (Reference (83), p.5492). 
Therefore the notation P(CoI) is intended to signify the abso- 
lute value of the permolecular contribution due to axial iodine 
at Co. 
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Fig. 9. B-D-Glucopyranosyl 2-Bromo-2-deoxy-aq-D-mannopyranoside 
(16) (Deuterium Oxide). 


Fig. 10. 6B-D-Glucopyranosyl 2-Bromo-2-deoxy-a-D-mannopyranoside 
(16) (Deuterium Oxide and Pyridine). 
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An alternative argument in favour of the configuration for 12 is 

to note that addition of the difference (158°) in the rotations of 
compounds III and IV to the rotation of II (165°) gives a value 
(323°) in much closer agreement with the molar rotation of D-neo- 
trehalose (342°) than with that either of D-isotrehalose (-133°) or 


D=trehalose i (675°)- 


TABLE Lit 


OPTICAL ROTATION OF GLYCOSIDES 


Molar Refer- 
No. Compound Rotation ence 
I D-Neotrehalose 6 -D-glucopyranosyl 
a -D-glucopyranoside) 342 ad 
be 8-D-Glucopyranosyl 2-deoxy-2-10d0-q-D- 
mannopyranoSide (12) 165 
III Methyl a-D-glucopyranoside 308 (84) 
IV Methyl 2-deoxy-2-iodo-a-D-mannopyranoside 150 (44) 
V Methyl @-D-glucopyranoside - 66 (84) 
VI Methyl 2-deoxy-2-iodo-g-D-glucopyranoside 21. (44) 
VII D-Isotrehalose (8-D-glucopyranosyl 
B-D-glucopyranoside) -133 (312 
VIII D-Trehalose (q-D-glucopyranosyl 
a-D-glucopyranoside ) 675 (33) 
Ix B-D-Glucopyranosyl 2-bromo-2-deoxy-q-D- 
mannopyranoside (16) 160 


ities or interest to note that, according to Brewster's rules 
(83), the bromine analog (16) of 12 would be expected to have a 
greater dextrorotation than 12. This would follow from the lower 


rotational rank of bromine aS compared to iodine. That is, the 


terms k(Br-H)(O-H) and P(CzBr) are expected to be less than the 
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corresponding terms with iodine. In fact the molar rotation of 

16 was slightly less than that of 12. Caution must therefore be 
exercised in extending Brewster's rules to screw patterns involv- 
ing atoms of high rotational rank. A further indication of cau- 
tion in this regard is found in the rotations for compounds V and 
VI. Following Brewster's rules these compounds should have the 
Same rotation. It 1s seen however that their molar rotations dif- 
Ber Oby a8 Ale 

In preliminary experiments, when Celite chromatography (66) 
was used to isolate the deacetylated 2-deoxy-2-halogenodisacchar- 
ides, no crystalline material with the 2-deoxy-2-iodo-8-D-gluco- 
configuration could be obtained. Also paper chromatograms were 
negative regarding the evidence of the formation of any other 
stereoisomers than the 2-deoxy-2-1iodo-aq-D-manno isomer. On the 
other hand both the 2-deoxy-2-iodo and 2-bromo-2-deoxydisacchar- 
ides (12) and (16) crystallized extremely slowly and incompletely 
from the crude syrup, possibly suggesting an impurity. Only 
trace amounts of glucose could be detected chromatographically 
as an impurity of the crude syrup. 

In attempting to extend the above modified Prevost reaction 
to the formation of the a: BOL ARed trehalose analog, it was neces- 
Sary to prepare 2,3,4, 6-tetra-O-acetyl-a-D-glucose. 

Schlubach and Wolf (85) reacted 2,3,4,6-tetra-O-acetyl-,f-D- 
glucopyransoyl chloride with silver carborate in either ether or 
acetone containing a little water to obtain a product melting at 
107-108°, [a]p + 138.9°, (c, 0.9 in chloroform). The compound 


Was aSSigned the structure of 2,3,4,6-tetra-O-acetyl-a-D-glucose. 
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The product we obtained on using this procedure failed to crystal- 
lize. 

Georg (86) treated q-acetobromoglucose with silver nitrate in 
ether containing a little water. He isolated material of m.p. 99- 
100°, [al p jelap oLC,4 in, chloroform)..-and. claimed its structure 
to be 2,3,4,6-tetra-O-acetyl-a-D-glucose. The mechanism for its 
formation was postulated as Walden inversion at the anomeric cent- 
er of Q-acetobromoglucose with replacement of bromide by the ni- 
trate, followed by a second Walden inverson as water attacks the 
B-nitrate. Georg could not raise the melting point of his product 
to that of Schlubach and Wolf's material in spite of repeated re- 
crystallization from ether-petroleum ether. Georg obtained a 
sample of Schlubach's material and on recrystallization from ether- 
petroleum ether the melting point fell to 98-99°, but when he re- 
crystallized the compound from ether alone, the melting point rose 
immediately to 112-113°. He then obtained the same result with 
his own sample. Georg therefore concluded that dimorphic forms 
had been obtained. 

Lemieux and Brice (67) treated tetra-O-acety1-8-D-glucopyrano- 
Syl chloride with) silver acetate in 90% aqueous acetic acid. They 
ifolated crystaia: of. map. 96-98°, fie +. 138°. Cc,.j0.44 in chlioro- 
form). The good agreement with Georg's values led them to assume 
they.-had-prepared. the.2,3,4,6-tetra-O-acetyl-a-D-glucose. 

We repeated Lemieux and Brice's directions to obtain a prod- 


ct of. mepentt0e1i1°, fa], + 149° (c,1. in chloroform), and the 


D 


n.mM.er. Spectrum shown in Fig. 11. The compound (40% yield) was 


crystallized from ether-Skellysolve B. In repeating this experi- 
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Fig. ll. 1,3,4,6-Tetra-O-acetyl-a-D-glucopyranose lee 
(Chloroform). 


Fig. 12. The Equilibrium Mixture after the Mutarotation of 
2,3,4,6-Tetra-O-acetyl-B-D-glucopyranose in Pyridine 
(Pyridine). 
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ment on a larger Scale, material of m.p. 90-95° was obtained from 
ether-Skellysolve B, but with the same n.m.r. spectrum as shown in 
Fig. 11. It was possible to raise the melting point to 110-111° 
on recrystallization and seeding with the crystals of m.p. 110- 
111°. A mixture of the two crystalline samples, m.p. 110-111° and 
m.p. 90-95°, melted at 106-109°. 

The structure,.indicated by the n.m.r., spectrum in.Fig. ;11, is 
Clearly that of 1,3,4,6-tetra-O-acetyl-q-D-glucopyranose. The spac- 
ON et) Lae Die Sh OL. ane: aAnoneric proton at 3.21 (1,16 that of a 
gauche pair of protons (87), and therefore the anomeric configura- 
TiO0 Ss, ons elne chemical shift.is much too fan to_low field for a 
free hydroxyl at the anomeric center but is typical of a 1-O-acet- 
ate (88). a-Glucopyranose pentaacetate has its anomeric signal 
at 3.637 , spacing 3.5 c.p.s. The acetate signal shifted down- 
field to 7.827 is characteristic of axial acetoxy groups (88). 

The only other signal amenable to first order analysis is the 
doublet at Gunct and with..a spacing. of 7.45 ic.p.S« which 1S assien- 
ed to the hydroxyl proton since the signal was not present in the 
Spectrum after the chloroform solution had been shaken with deuter- 
ium oxide. The coupling of the hydroxyl proton with the carbon-2 
proton was not always observed and the doublet has appeared as a 
Singlet, due to rapid exchange, and sometimes it was not readily 
observed at all. The 2-proton is shifted to relatively high field 
(as determined by the intensities) from the 3- and 4- protons. 
This is normally observed when the deshielding of the acetoxy 
group is removed (88). 


Lemieux and Huber (89) prepared 1,3,4,6-tetra-O-acetyl-q-D- 
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glucose by an unequivocal route from 3,4,6-tri-O-acety1l+48-D-glu- 
copyranosyl chloride and silver acetate in acetic acid. The 
properties of the tetraacetate were reported as m.p. 97-98°, 

ita. + 145° (chloroform). Matsuda (90) prepared 1,3,4,6-tetra-O- 
acetyl-q-D-glucose by a similar method using mercuric acetate in- 
Stead Ofasidver, acetate.«»His materials melted.at» 98-100°, eget 
143 “ei cor Giant chioroferm)).'. Recently,,Helferich: and Zirner (91) 
also prepared 1,3,4,6-tetra-O-acetyl-q-D-glucose by a new route. 
They acetylated glucose in acetic anhydride and perchloric acid 
solution, and then to the cooled solution added phosphorous tri- 
bromide followed by water. After 1.5 hours at room temperature 
aqueous sodium acetate solution was slowly added at 10°. The 
product was isolated by extraction with chloroform, and it had a 
m.p. 98-100°, [aly eed 112 a chs. Gee. Ani chlorot orm) e-elhey proob- or 
the structure consisted in forming the 2-O-mesyl derivative which 
was then treated with hydrogen bromide to introduce bromine at the 
anomeric center. The mesyl group was still retained in the mole- 
cule and must therefore be at the 2- position. It showed a de- 
pression of melting point with Georg's material. The product we 
obtained by Lemieux and Brice's method and which undoubtedly was 
1,3,4,6-tetra-O-acetyl-a-D-glucose is so similar in its properties 
to the materials reported by Georg, and Schlubach and Wolf, espec- 
s211y an ais dimorphic-nhaturey)thatedt can- be. safely, concluded 
that in fact they had prepared the 1,3,4,6-tetraacetate. In the 
light of the very facile 1,2-acetyl migration of the 1,3,4,6-tetra- 
acetate (see below), the reducing properties of Georg's and 


Schlubach and Wolf's material should not be regarded as evidence 
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for the 2,3,4,6-tetraacetate. The only evidence to support this 
structure is the depression of melting point on admixture of 
Helferich's 1,3,4,6-tetraacetate with Georg's "2,3,4,6-tetraacet- 
ate’. This may have been fortuitous. 

The mechanistic interpretation of the formation of 1,3,4,6- 
eee eed es neeicose from 2,3,4,6-tetra-O-acetyl-8 -D-gluco- 
Syl chloride is most readily understood in terms of neighboring 
group participation. 

Since in Schlubach and Wolf's and Georg's preparations either 
ether or acetone was used as solvent, the 1-O-acetyl-group in the 
product must have been at the 2-position in the reactant. Presum- 
ably an intermediate 1,2-acetoxonium ion is formed which reacts 
with water to form the transient acid orthoester, which can then 
rearrange to either the 1,3,4,6- or 2,3,4,6-tetra-O-acetyl-a-D- 
glucose. Our results indicate that in the glucose series at any 
Pater ueamaior Lirst. product is the: -1,3,4.,0-tetraacetate. That 
1,3,4,6-tetra-O-acetyl-a-D-glucose in aqueous solution is thermo- 
dynamically less stable than the 2,3,4,6-isomer was established as 
follows. Although the 1,3,4,6-tetraacetate (17) did not mutaro- 
tate in dry pyridine, the specific rotation of an aqueous solution, 
as would now be expected from the earlier published data, changed 
Pree ee LOL ile muoOuLrsees Lhatuthe product consisted esséent- 
ijally of 2,3,4,6-tetra-O-acetyl-a- and 8-D-glucose in about equal 
amounts was evident from the n.m.r. spectrum in chloroform. No 
trace of the axial 1-O-acetyl signal at 7.827 and characteristic 
of the 1,3,4,6-tetraacetate (17) was present. The equilibrium 


mixture obtained on mutarotating 2,3,4,6-tetra-O-acety1l-R-D-glucose 
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in water had the same spectrum and rotation. That the mutarota- 
tion was due to acetyl group migration followed by a 2 8 intercon- 
version was evident since the intensity of the signals for acetyl 
groups required the product to be a mixture of tetraacetates. 

It was found that on equilibrating a solution of 2,3,4,6-tetra- 
O-acety1-8-D-glucose in pyridine, the product contained 77% of the 
q-anomer. Lemieux (18) has pointed out the unexpectedly high per- 
centage of the RB-anomer of D-glucose in the equilibrium mixture in 
water iS probably due to hydrogen bonding. Also the anomeric ef- 
fect may be expected to decrease in polar solvents. It is there- 
fore not surprising that a high proportion of the aq-anomer exists 
mapyradinetassis *confirmed bytthe *n-mer. “spectrumein’ Fig. e1Z. 

Equatorial protons are generally found to lower field than 
axial protons in an otherwise Similar environment (88). Also 
oxygen in a 1,3-diaxial relationship to hydrogen deshields the 
Siovalvanethe M.mirs spectrumifor * that shydrogens * Thus .the \pro- 
Ponsa tes 292i , Ytriplet with «spacing "9 95°%cep.s sand at "4.167, 
so0ublet with®spacing §3*csp.si tare \readily*assigned to*the protons 
on carbon-3 and -1l, respectively, of a-D-glucose tetraacetate. 

The integrated intensities of these hydrogens corresponded to 
77% of the a-anomer and this was confirmed by acetylation and 
benzoyation of the mixture, to give a-D-glucopyranose pentaacet- 
ate and 2,3,4,6-tetra-O-acetyl-1-O-benzoyl-q-D-glucopyranose, 
respectively. The n.m.r. spectrum of the crude benzoylated prod- 
uct had the signal for the anomeric proton at 3.42T, spacing 3.5 
C.p.s. AS is normally observed for benzoylated sugars, the sig- 


nal was to lower field than that for the anomeric proton of a-glu- 
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cose pentaacetate, anomeric signal at 3.631, ‘spacing 3.5 c.p.S. 
From the integrated intensities 80% of the product was the q-ano- 
mer. The isomerization of the 1,3,4,6-tetraacetate of q-D-glucose 
in aqueous solution was independently established by Helferich and 
Zirner (91) during the course of this investigation. 

When the syrup containing 77% of the a-anomer of D-glucose 
2,3,4,6-tetraacetate was used as the “alcohol''! in the modified Pre- 
vost reaction in the expectation of forming an a,a-linked analog 
of trehalose, only the q,8-linked isomer (12) was obtained. The 
yield was about the same as when pure 2,3,4,6-tetra-O-acetyl-9 -D- 
glucose was used as the "alcohol". Presumably mutarotation took 
place more rapidly than did the reaction of the q-anomer, and the 
q-anomer reacted only very slowly as compared to the B-anomer. 

With regard to the formation of 1,3,4,6-tetra-O-acety1l-a-D- 
plucose, it is of interest to note that Perlin (54) found the 
acid hydrolysis of the diastereoisomeric @-D-mannose 1,2-(benzyl 
orthoacetates) yielded 2-O-acetyl-D-mannose. Evidently, the con- 
figuration is important in determining whether the acetyl group 
materializes at the 1- or the 2-position. Ness and Fletcher 
(92) showed 1,3,5-tri-O-benzoyl-q-D-ribose is formed on the acid 
hydrolysis of tri-O-benzoyl-D-ribofuranosyl bromide. Since the 
hydrogenolysis of q-D-ribose 1,2-(benzyl orthbenzoate)-3,4-di-O- 
benzoate also yielded 1,3,5-tri-O-benzoyl-q-D-ribose, the evyeolic 
orthoacid intermediate must be unstable and rearranges to the 
1-O-benzoyl product. The 1-O-benzoyl group was found to migrate 
to the 2-position in alkaline solution. These results nicely cor- 


roborate our observations. The isolation by Antia (93) of 1,3,4- 
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tri-O-acetyl-q-D-xylose as a product of the reaction of tri-O- 
acetyl-a-D-xylopyranosyl bromide in aqueous acetone and in the 
presence of silver carbonate is noteworthy. Most likely, the re- 
action involved anomerization of the a-bromide by attack of liber- 


ated bromide ion. 


Bs THE PREPARATION OF N-GLYCOSIDES 


It was thought necessary to use s-collidine complexes of the 
halonium ion to avoid nucleophilic competition of the base with 
the alcohol in the preparations of 2-deoxy-2-halogenoglycosides 
reported in Section B of the Experimental. Since iodonium di- 
pyridine perchlorate (6) is readily prepared, it was of interest 
to determine how quickly the pyridine would attack the iodonium 
T-complex. A rapid reaction took place with D-glucal triacetate 
to form acetylated N-(2-deoxy-2-iodo-glycosyl)-pyridinium perchlor- 
ates. The halonium dipyridine complexes were thus unsuitable for 
the synthesis of O-glycosides, but they were useful reagents in 
the preparation of new types of nucleosides. The reaction led to 
the formation of two crystalline products, 18 and 19, obtained in 
70% and 30% yields respectively. 

whe -m.r. Spectra, Pigss 13 and 14, of 18 and 19 provided 
Signals for the anomeric protons as doublets at 3.307 and 3.267 
respectively (94). Unexpectedly the 1- and 2-protons were coupl- 
ed to an extent of 9-10 c.p.s. for both of these compounds. The 
magnitude of these coupling constants indicates that for both 


compounds the 1- and 2-protons are in axial orientation. This 


relationship is expected for the 8-gluco-configuration but unex- 
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Fig. i3. N-(3, ‘4, Be i i-O-acaty1- 2- deoxy—2- io0do-8-D-glucopyranosy1) - 
pyridinium Perchlorate (18) (DMSO). (Solvent signals 
omitted). 


OFFSET 100cps. 
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syl) - pyridinium Perchlorate (19) (DMSO). (Solvent 
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Fig. 15. N-(2-Deoxy-2- moas-8- -~D-glucopyranosy1)- -pyridinium 
Perchlorate (20) (DMSO). 
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pected for the a-manno-configuration unless the compound exists 
in the 1C conformation or the Bl conformation, as shown in Diag. 


Ast95)- 
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Diag. 4 


The isomer (19) formed in 30% yield was assigned the a-manno- 
configuration since it was much less stable than the other prod- 
uct (18) of the reaction. Thus, whereas 19 was immediately de- 
composed to D-glucal triacetate and iodine as a suspension in 
aqueous potassium iodide solution dissolved, the isomer 18 show- 
ed no reaction under similar conditions over 24 hours. Also 19 
isomerized to 18 when dissolved in pyridine. These properties 
are obviously in keeping with the strained structure for 19 as 
evidenced by the n.m.r. spectral data. It seems highly unlikely 
that the 1- and 2-protons of 19 could be coupled to an extent of 
at least 9 c.p.s. because of eclipsing since this would require 
eclipsing of the iodine and the pyridinium group. Also the re- 


action must be expected to give the 1,2-trans- adduct. There- 
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fore we concluded that the isomer (19) does possess the q-manno- 
configuration and exists in a conformation approaching either the 
IC or Bl conformations. The 1C conformation is suggested by the 
fact that the n.m.r. signals for two of its acetyl groups are at 
substantially lower field (10-15 c.p.s.) in a variety of solvents 
(DMSO, methylene chloride, acetone, pyridine and methanol) than 
the corresponding signals in the isomer 18 (88). 

Further chemical characterization of 18 was obtained by its 
reduction to the 1,4-dihydropyridine (21) with sodium dithionite. 
Compound 21 was unstable in chloroform and carbon tetrachloride, 
and iodine was rapidly released. Nevertheless the n.m.r. spectrum 
of the compound could be measured before decomposition was extens- 
ive and the spectrum closely resembled that of the known 1,4-di- 
hydropyridine (27). 

Compound 18 was deacetylated in methanol and triethylamine. 
The structure of the crystalline product was confirmed by its 
nem.r. spectrum in DMSO (Fig. 15). The relative intensities were 
in accord with expectation as was the chemical shift and spacing 
for the anomeric doublet, 3.58T, 9.5 c.p.s. The unstable 2-deoxy- 
2-iodo-a-D-manno compound (19) decomposed to dark materials under 
the same conditions for deacetylation of 18. Other standard 
methods also failed. 

The insolubility in water of the perchlorates prepared by 
the action of halonium perchlorate complexes on D-glucal triacet- 
ate, made it desirable to form the bromides. Attempts at the 
metathesis of the anions by shaking with aqueous potassium bromide 


were unsuccessful. 
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In retrospect that 19 should not possess the Cl conformation 
is readily attributed to the anomeric effect acting in reverse. 
The stability of the axial orientation known as the anomeric ef- 
fect (14,15) results from the partial negative charges on the oxy- 
gen in O-glycosides, or the halogen in acetohalogenosugars, at the 
anomeric center. With quaternary N-glycosides a full positive 
charge is formally located on the nitrogen, and the anomeric ef- 
fect (one could call it an anti-anomeric effect) will be such as 
to favour the already sterically favoured equatorial orientation. 
In anticipation of a later part of the discussion, N-(2,3,4,6- 
tetra-O-acetyl-a-D-glucopyranosyl)-pyridinium bromide has the Cl 
conformation. Therefore it appears that the axial iodine in the 
a-manno-configuration of 19 sufficiently destabilizes this conform- 
ation to cause it to invert to the 1C conformation (or possibly Bl 
conformation) in spite of the large 1,3-diaxial interactions that 
yesult: 

Reactions of D-glucal triacetate with the bromonium dipyridine 
perchlorate complex (9) provided a crystalline product which was 
assigned the structure of N-(tri-O-acetyl-2-bromo-2-deoxy-a-D- 
glucopyranosyl)-pyridinium perchlorate (22) on the basis of its 
n.m.r. Spectrum which closely resembles that of the iodo-analog 
18. Although the a-manno-isomer could not be crystallized, its 
formation was inferred from the close similarity of the n.m.r. 
spectrum of the residual syrup with that of the 2-1iodo analog, 19 
(Fig. 14). Also, as expected from the properties of the iodo- 
analog (19), when the syrup was dissolved in pyridine, a further 


crop of the B-gluco-isomer (22) was obtained and the n.m.r. spec- 
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trum of the residual syrup showed a decrease in the intensity for 
the acetyl group at 7.73tT characteristic of the a-D-manno-isomer 
Ol Aer. 

Although the iodonium and bromonium di-s-collidine perchlor- 
ate complexes appeared not to react rapidly with D-glucal triacet 
ate, the complexes prepared from qg-picoline reacted readily al- 
though slower than the complexes derived from pyridine. In both 
cases only the 8-gluco-isomers were obtained crystalline. The 
n.m.r.- Spectra for the iodo-(23) and bromo-(24) q-picolinium com- 
pounds are reproduced in Figs. 17 and 18, respectively. The com- 
pounds 23 and 24 did not react readily with iodide to liberate 
iodine, thus confirming the assignment of the large coupling con- 
Stants as resulting from diaxial coupling in the 8 -gluco-configur 
se Re pas 

In an effort to prepare N-(tri-O-acetyl-2-bromo-2-deoxy-8-D- 


mannopyranosyl)-pyridinium bromide, D-glucal triacetate was brom- 


a-~ 


inated (45) and the syrupy product was dissolved in pyridine. The 


product which readily crystallized proved to be N-(tri-O-acetyl- 
2-bromo-2-deoxy-8-D-glucopyranosyl)-pyridinium bromide (25). The 
configuration of the compound 25 was evident from a comparison of 
its n.m.r.—spectrum (Fig. 19).with that (Pig. 16) of the corres- 
ponding perchlorate salt (22). The n.m.r. spectrum of the resid- 
ual syrup (Fig. 20) showed no signal for anomeric protons other 
than a rough singlet at 3.27t (external TMS). In view of the 3.0 
C.p.-S. spacing at 3.12tT observed for the doublet of the anomeric 
proton (Fig. 28a) of the nearly pure N-(tetra-O-acetyl-g-D-gluco- 


pyranosyl)-pyridinium bromide (33), the 10 c.p.s. spacing for the 
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a-picolinium Perchlorate (23) (DMSO). (Solvent signals 
omitted and reduced amplitude above 6.5 T). 
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Fig. 20. The Non-crystallizable Product from the Reaction of 
Pyridine and Product of Bromine Addition to D-Glucal 
Triacetate (Deuterium Oxide) Experimental C.1.g. 
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Signal of the anomeric proton of the q-manno-perchlorate isomer 
(Experimental C.1.f. and the above discussion) and the fact that 
tri-O-acety1l-2-bromo-2-deoxy-q-D-mannopyranosyl bromide was pres- 
ent to an extent of 30% in the starting material (45), in all 
probability the N-glycoside responsible for the spectrum shown in 
Fig. 20 has the Q-manno-configuration. 

N-(Tetra-O-acety1-8-D-glucopyranosyl)-pyridinium bromide (26) 
was prepared following the directions of Fischer and Raske (69). 
The q-anomer of the chloride salt was obtained as a nearly pure 
Syrup from reaction of tetra-O-acetyl-g-D-glucopyranosyl chloride 
with pyridine (Fig. 34). Consideration of the mechanism is left 
for later on. The configuration of the compound was concluded 
from an examination of the n.m.r. spectrum (Fig. 34) and comparing 
it with the spectrum (Fig. 25) for the crystalline N-(tetra-O- 
acetyl-q-D-glucopyranosyl)-y-picolinium bromide (30) as well with 
the spectrum (Fig. 28a) of the nearly pure bromide salt (33). 

The reported value of the chemical shift for the anomeric proton 
of N-(tetra-O-acetyl-a-D-glucopyranosyl1)- 3-carboxamidopyridinium 
bromide at 2.94tT, spacing 3 c.p.s. (94), corresponds well with 
fueteotaslet. spacatg 3 ¢.DsS.4 Obtained for 33 (Rip. 28a). 

When a-acetobromoglucose was dissolved in y-picoline, a re- 
action took place to give two crystalline compounds (29 and 30) 
which were readily identified from their n.m.r. spectra (Figs. 

24 and 25). They were the expected products of the reaction, the 
a- and 6- forms of N-(tetra-O-acety1-D-glucopyranosy1)- ¥-picolin- 
ium bromide. Compound 29 has an n.m.r. spectrum (Fig. 24 closely 


Similar to that of the corresponding g-pyridinium bromide (26), 
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Poo. ote 1 « N- (2,3,4,6-Tetra-O-acetyl-8-D-glucopyranosy1) -pyridinium 
Bromide (26) (Deuterium Oxide). 
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PS sie 2 N-Tetra-O-acetyl-8-D-glucopyranosyl-1, 4-dihydropyridine 
(27) (Chloroform). 
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BEG es 2s N-8-D-Glucopyranosyl pyridinium Bromide (28) 
(Deuterium Oxide). 
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Fig. 24. N- (2,3,4,6-Tetra-O-acetyl-f-D-glucopyranosyl) - - 
picolinium Bromide (29) with Solvated Ethanol, 
Ethyl Acetate and Water (Deuterium Oxide). 
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Fig. 25. N-(2,3,4,6- etra-O-acetyl-a-D- lucopyranosyl)-\y—- 
picolinium Bromide (30) (Deuterium Oxide). 
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except that the aromatic ring protons now form a simple A2B5 quar- 
tet and there is a methyl signal at 7.26tT. Also there are mole- 
cules of solvation corresponding to ethyl acetate, ethanol and 
water. The water could not be removed even in vacuo at 56° in the 
presence of phosphorous pentoxide, as determined by the analysis 
and the infrared spectrum. The a-anomer (30) has a n.m.r. spectrum 
(Fig. 25) that may be similarly compared with the corresponding 
pyridinium compound (33) (Fig. 28a). 

Both the a- and B-\y-picolinium glucopyranosides (29 and 30) 
were deacetylated in 3% aqueous hydrogen bromide (71). Whilst the 
deacetylated B-anomer (31) was obtained crystalline, the deacetyla- 
ted g-anomer (32) was obtained only as a syrup. Both structures 
were confirmed by an examination of the n.m.r. spectra (Figs. 26 
and 27). The B-anomer (31) of N-(D-glucopyranosyl1)-y-picolinium 
bromide produced a doublet for its anomeric proton at 4.25T, spac- 
ing 7 c.p.sS., closely comparable with that of N-(g3-D-glucopyrano- 
syl)-pyridinium bromide (28) at 4.1lt, spacing 7 c.p.s. The q-ano- 
mer (32) has, as expected, an anomeric proton signal at 3.531, 
Witiead stall. spacing of 3.5 cip.s. The remainder of the) spectrum 
was exactly that expected for a ¥-picolinium glucoside except for 
a small signal at 7.8T, probably an impurity of some acetate. 

Here it may be mentioned that the possibility of charge- 
transfer complexing was considered as a possible, if rather unlike- 
ly, reason for the instability of the Cl conformation of the pyri- 
dinium 2-deoxy-2-iodo-a-D-mannoside (19). Kosower (96) found that 
l-alkyl pyridinium iodides give rise to charge-transfer bands from 


about 325 mp to 452 maa tah a range for &,,, of 480 to 2700. 
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Fig. 26. Impure N-8-D-Glucopyranosyl--picolinium Bromide 
(31) (Deuterium Oxide). 


Fig. 27. Impure N-a-D-Glucopyranosyl-Y-picolinium Bromide 
(32) (Deuterium Oxide). 
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Since a linear relationship exists between the position of the 


charge-transfer light absorption and the ionization potential of 
the donor atom (96), any absorption in the 2-deoxy-2-iodo-nucleo- 
Sides will be at considerably shorter wave-lengths due to the 
larger ionization potential of bound iodine over iodide ion. Un- 
romtinate ly ethespyridinium idm itself absorbslat arGund 260 mp(97) 
and ae 4000, so that any charge-transfer bands would be obscured 
by the much more intense pyridinium ion absorptions. Since the 
bromo-analog of 19 as discussed already probably exists in the 
Same conformation as 19, and the possibility of charge-transfer 
complexing becomes very remote with the increasing ionization po- 
tential of the bound bromine atom, charge-transfer complexing prob- 
ably has no connection with the unusual conformation of the 2-de- 
ee eee 0 aunoniciensidas. 

The optical rotatory dispersiom.(o.r.d.)) curves, of 18%and 19 
(Table I) were so interesting as to warrant the investigation of 
several pyridinium glycosides variously substituted. Since all 
the pyridinium glycosides studied absorb in the ultraviolet at 
about 260 mH and the o.red. curves can only be measured with any 
certainty down to 300 mH, the maxima and minima of the Cotton ef- 
fect curves are rarely observed. Thus the curves are classed as 
plain positive or plain negative (98). 

The first indications that N-glycosides may not obey Hudson's 
rules of isorotation was the observation by Davoll and Lythgoe (99) 
that the more dextro-rotatory anomer of the acetylated 9-(2-deoxy- 
D-erythropentopyranosyl)-theophyllines provided on deacetylation 


the more levo-rotatory anomer of the free purine nucleosides. Fox 
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and coworkers (100) reported several pairs of anomeric 1-(2'-deoxy- 
D-ribofuranosyl)-pyrimidines which were exceptions to Hudson's 
rules of isorotation. Lemieux and Hoffer (101) have confirmed the 
assignment of the anomeric configuration of some 1-(2'-deoxy-D- 
ribofuranosyl)-pyrimidines by n.m.r., and they published the o.r.d. 
curves for the pairs of anomeric 1-(2'-deoxy-D-ribofuranosyl)-5- 
methyluracil and the corresponding 5-fluorouracil. These pairs of 
anomers not only disobey Hudson's rules of isorotation in water, 
but theq -anomers show plain negative o.r.d. curves whilst thes - 
anomers show plain positive curves. Recently (102) it was shown 
that Hudson's rules cannot be employed to assign anomeric configura- 
tion to pyrimidine nucleosides in general. Lemieux and Lown (94) 
prepared both anomers of N-(tetra-O-acetyl-D-glucopyranosyl)-3- 
carboxamidopyridinium bromide and their deacetylated products. 

The o.r.d. curves for these 4 compounds were exactly analogous to 
the results we obtained with the pyridinium and Y-picolinium ana- 
logs. The most noteworthy feature was that the deacetylation of 
the B-anomers (26,29) which have negative curves, led to products 
(28,31) with positive curves. By way or .contrast, -the ednomers 
(33,30) have positive curves, and the deacetylated product of 30 
(32) also has a positive curve. The prediction of the sign of the 
curve becomes still more complex when it was observed that N-(2,3, 
4,6-tetra-O-acetyl-@ -D-mannopyranosyl)-pyridinium bromide (103) 
whilst having a negative rotation at the sodium D-line has a posi- 
tive o.r.d. curve and has a positive rotation near 300 MH. All 
the N-(2-deoxy-2-halogeno-D-glucopyranosyl)-pyridinium salts and 


their derivatives in the B-series have positive o.r.d. curves, and 
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compound 19 with the a-manno-configuration has a negative curve. 
Unfortunately we have not succeeded in forming true crystalline 
anomers in the pyridinium 2-deoxy-2-halogeno-D-glycoside series. 
An attempt to do so was made by reacting D-glucal triacetate with 
bromine which is known to give 3,4, 6-tri-O-acetyl-2-bromo-2-deoxy- 
a-D-manno- and a-D-gluco-pyranosyl bromide (45). Lemieux and 
Fraser-Reid (45) observed Walden inversion at the anomeric center 
when the products of bromine addition to D-glucal triacetate were 
methoxylated. Thus the expected products on reaction of the mix- 
ture of the latter compounds with pyridine are N-(3,4,6-tri-O- 

ace ty1-2-bromo-2-deoxy-8 -D-glucopyranosyl)-pyidinium bromide (25) 
and the ®-D-manno-isomer. The former 25 was actually isolated and 
the latter was deduced to be present in the crude syrup obtained 
from the mother liquors, as already discussed. The o.r.d. curve 
of the syrup giving the n.m.r. spectrum shown in Fig. 20 is nega- 
tive. Therefore it appears that N-(3,4,6-tri-O-acetyl-2-bromo-2- 
deoxy-g-D-mannopyranosyl)-pyridinium bromide's o.r.d. Curve unex- 
pectedly has the opposite sign to the B-gluco-analog (25) and the 
same sign as the 2-deoxy-2-iodo-a-D-manno-compound (19) and hence 
probably the bromo-analog of 19. It is obvious therefore that be- 
fore a comprehensive theory relating the sign of the o.r.d. curves 
to the structure, stereochemistry and configuration of nucleosides 
can be made, many more model compounds must be studied. The appli- 
cations of o.r.d. to steroids and the elucidation of the octant 
rule (104) encourage one to enlarge the use of this new tool to 
include carbohydrates (105) and in particular nucleosides. Be- 


cause of the possible application of such a theory to the nucleic 
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acid field, it would be of great interest to have some working 
hypothesis. A reasonable postulate, also consistent with Brewster's 
model (83) of a screw pattern of polarizability, is that the sign 

of the Cotton curve, which will be intimately associated with the 
ultraviolet absorption of the pyridinium ring, must be determined 

by the relative orientations of the pyridinium and glycopyranose 
rings. It is also evident that the 2-substituent plays a very im- 
DOrtant part in the sign of the o.r.d. curve and hence probably 

on the orientation of the pyridinium ring. 

The mechanism of the formation of 2-deoxy-2-halogen-N-gluco- 
Sides will be expected to be basically the same as that proposed 
by Lemieux and Levine (44) for the formation of 2-deoxy-2-halo- 
geno-O-glycosides. However, whereas in the formation of O-glyco- 
Sides Pei conti uration predominated, for quaternary N- 
glycosides the 8-gluco-configuration predominated. In each case 
it is the thermodynamically more stable configuration, on the bas- 
ismotesthe anomericieffect (14.15)... that asi formed, in greater, yield. 
This confirms the initial reversible attack by the positive halo- 
gen on the Tl/-bond. Otherwise one should obtain roughly the same 
ratio of the a-manno- and &® -gluco-configurations whatever the 
nucleophile, and only solvents effects would alter the ratio. 

But these reactions were carried out in chloroform, and the com- 
plete reversal of the dominant configuration suggests that there 
is a rapid reversible attack by the halonium ion at the double 
bond. This is followed by the rate determining step, which in- 
volves attack by the nucleophile to give a transition state which 


reflects the anomeric effect. Hence the more stable configuration 
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is obtained. It may be objected that since the 2-deoxy-2-i0do-q- 
D-manno-compound (19) rearranged in pyridine to the 8 -gluco-con- 
figuration of 18, that the high yield of 18 was due to such isomer- 
ization in the reaction mixture. However, the isomerization in 
pyridine was slow whereas the reaction in chloroform was rapid. 
Also pyridine with a dielectric constant approximately 3 times 
greater than that of chloroform should more readily facilitate 
charge separation to enable the rearrangement to take place, apart 
from stabilizing the halonium ion formed. Thus it may be safely 
concluded that the initial ratio of 18 and 19 corresponds closely 


toO.that. Of the asolated products. 


C. KINETIC AND MECHANISTIC STUDIES ON THE REACTION OF PYRIDINE 


WITH 2,3,4, 6-TETRA-O-ACETYL-a -D-GLUCOPYRANOSYL BROMIDE 


In view of the rather interesting o.r.d. properties of the 
pyridinium 2-deoxy-2-halogeno-glycosides reported in the previous 
Section, it was decided to prepare N-(2,3,4,6-tetra-O-acety1l- -D- 
glucopyranosyl)-pyridinium bromide (26). Fischer and Raske (69) 
prepared this compound through the reaction of q-acetobromoglucose 
with pyridine in the presence of phenol. On repeating the prepara- 
tion compound 26 was obtained, 47% yield, and its anomeric conf igura- 
tion confirmed by the n.m.r. spectrum shown in Fig. 21. The 
Aoubletsot 3.06, -spacing, &.c.p.s..is in, keeping. with, the A=D- 
gluco-configuration. Since the role of the phenol in the reaction 
mixture was not evident, it was decided to examine the course of 


the reaction in its absence. When 35.33 g of a-acetobromoglucose 


reacted with 50 ml of pyridine to constant rotation, a syrupy, 
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water-soluble product was obtained which gave the n.m.r. spectrum 
Shown in Fig. 28. Along with the signal for the anomeric proton 
of the above described compound, 26, a signal is obtained at 3.127, 
Spacing 3 c.p.S., which could be assumed to arise from the pres- 
ence in the mixture of the q-anomer of 26. The relative intensi- 
ties of the signals indicated that the two compounds were present 
in the ration 3:1 in favour of the presumed a-anomer. 6 -Aceto- 
chloroglucose (tetra-O-acetyl-8-D-glucopyranosyl chloride) was re- 
acted with pyridine at room temperature. To the syrupy product 
obtained, water was added, and the mixture was extracted with 
ehloroform.G4Therchilorof orm extract gave/a syrup, the .m.r. spec- 
trum of which showed it to be mainly a-acetochloroglucose. Evap- 
oration of the aqueous phase gave a Syrup which was assigned the 
Structure N-(tetra-O-acety1l-a-D-glucopyranosyl)-pyridinium chlor- 
ide aS already discussed in Section B. It was therefore establish- 
ed that the reaction of a-acetobromoglucose with pyridine under 

the above conditions indeed gave in part (about 70%) the q-anomer 
of 26. When as much as possible of the B-anomer was removed by 
Crystatlazation, the/n.m.xr<-~spectrum (Fig. 28a) of a fairly pure 
Sample of the q-anomer was obtained. 

The change in optical rotation during the reaction of a-aceto- 
bromoglucose with pyridine was followed polarimetrically (Diag. 2, 
Curve (i)) and it corresponded closely to a first-order process 
Witt a rate Constant, K. Of 1.2 x noe “ntti a (common logarithms) 
when the initial concentration of a-acetobromoglucose was low, 1.9% 
(w./v.). Virtually only the B-anomer (26) was formed, as seen from 


the n.m.r. spectrum shown in Fig. 30. Since it was found that the 
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28. The Product of the Reaction of Tetra-O-acetyl-q-D- 
glucopyranosyl Bromide with Pyridine, Experimental 
C.3.a. (Deuterium Oxide). 
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OFFSET 100c.ps. 


Pate icon.) wmMpure N- (2,3,4,6-Tetra-O-acetyl-q-D-glucopyranosyl1) - 
pyridinium Bromide (33) obtained from the Product shown 
in Fig. 28 after Removal of the B-Anomer (26) by 
Crystallization (Deuterium Oxide) . 
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Fig. 29. Mainly N-(2,3,4,6-Tetra-O-acetyl-8-D-glucopyranosyl1)- 
pyridinium Bromide (26), Experimental C.3.a.(i). 
(Pyridine). 
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Fig. 30. As for Fig. 29 (Deuterium Oxide). 
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n.m.r. Spectrum of thea -anomer (33) in pyridine contained an acetyl 
Signal considerably to lower field, 7.47T, than the other acetyl 
groups, a check was made by examining a spectrum in pyridine as well, 
Pig.)22. There 1s a small trace of the acetyl signal attributable 
tO the q-anomer at about 7.5t. However, when the initial concentra- 
tion of q-acetobromoglucose was 34.4%, an induction period was not- 
ed (Diag. 2, Curve (iii)) and, therefore, it was apparent that the 
product of the initial reaction became involved in a faster process. 
That this was not due to a change in the polarity of the medium or 
due to salt effects, was shown in a later experiment. The relative 
amounts of the a- and B-anomeric forms was now about 56:44, (Fig. 
32) or, when calculated from the low field acetyl signal in Fig. 31, 
Das 47. 

The induction period was also present when the initial concen- 
tration of a-acetobromoglucose was about 16%, and the anomers were 
formed in about equal amounts. The same course of reaction was ob- 
tained when half of the pyridine was replaced by acetonitrile, al- 
though the more polar solvent gave rise to a somewhat increased rate 
of reaction. When the reaction of q-acetobromoglucose (16% initial 
concentration) was carried out in pyridine containing one mole of 
tetra-n-butylammonium bromide per mole of a-acetobromoglucose, the 
rate of the reaction was much greater and the induction period was 
mot present (Diag. 2, Curve (i1V))% Virtually only the a-pyridinium 
glucoside (33) was formed, (compare the n.m.r. spectrum of the prod- 
uct, Pig. 33, with those in Figs. 28a and 34). When tetra-n-butyl- 
ammonium perchlorate was used instead of the bromide, the induction 
period reappeared and the product comprised a 2:3 mixture of the 


B8- and q-forms respectively. 
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Diagram 2. The polarimetric rates of reaction of 2,3,4,6- 
tetra-o-acetyl-a-D-glucopyranosyl bromide with pyridine, 
(Experimental C.3.a, p. 37); (1) 1.9% (w./v.) of the 
bromide, t x 0.5, a displaced downwards by 0.4°; (iii) 34.4% 
(w./v.) of the bromide, a x 0.01; (iv) 16% (w./v.) of the 
bromide and equimolar tetra-n-butylammonium bromide, -asn.0O.. 
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oe Ae eae Fae halhly Ne (2, 2.4, 6- Tetra-O- ade a-D-glucopyranosyl1)- 
pyridinium Bromide (33), Experimental C.3.a.(iii). 
(Pyridine). 
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Fig. 33. Mainly N-(2,3,4,6- Tetra-O-acetyl-aq-D- Ee ee 
pyridinium rivoimidd (33) and Tetra-n-buryl Ammonium 
Bromide, Experimental C.3.a. (Deuterium Oxide). 
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The most reasonable interpretation of these results was that 
an initial reaction in which thea -acetobromoglucose underwent 
nucleophilic attack by pyridine with inversion of the anomeric 
center produced the ® -pyridinium bromide (26). The bromide ion 
thus liberated then participated in the faster process by making a 
nucleophilic attack ona -acetobromoglucose to form its anomer, 
Petraes Oszaceby l=peD=glucopyranosy1 i: bromide siicItsiseconceivableathat 
the a-pyridinium glucoside (33) was formed by direct displacement 
of the equatorially orientated bromine by pyridine with inversion 
of the anomeric center. If so this reaction would have to be very 
rapid as compared to the formation of the B-pyridinium glucoside 
(26) from a-acetobromoglucose since the results require the forma- 
tion of tetra-O-acety1-8-D-glucopyranosyl bromide to be rate con- 
trolling in the sequence of reactions leading to the a-pyridinium 
glucoside (33). Also the concentration of tetra-O-acety1-B-D- 
glucopyranosyl bromide must be very small throughout the course 
of +the-reaction since, through the anomeric effect (14,15) it is 
the thermodynamically less stable anomer. 

It seemed more likely that the rapid formation of 33 by way 
of the @-bromide would involve participation of the 2-acetoxy- 
group in the reaction of the B-bromide, to lead to a 1,2-acetoxon- 
ium ion. In fact the B-bromide has recently been isolated (106) 
and its reaction properties correspond to those previously estab- 
lished for tetra-O-acetyl-8-D-glucopyranosyl chloride (67). Since 
the reaction of the latter compound in pyridine containing an al- 
cohol leads to the formation of qa-D-glucopyranose 1,2-(alkyl ortho- 


acetate) triacetate (47,67), those observations related to the 
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formation of the q=pyridinium glucoside (33) led to the prediction 
that the addition of q-acetobromoglucose to pyridine containing 
methanol would result in the formation of the 1,2-(methyl ortho- 
acetate) (50). In fact the reaction of aq-acetobromoglucose in 
pyridine containing 3 moles of methanol per mole of a-acetobromo- 
glucose, under conditions which in the absence of methanol provid- 
eee vie i- and) b=pyridanium plucosides in the ratio, 3:2, pave as 
the product a mixture of the methyl orthoacetate and the 8-pyri- 
dinium glucoside, (Figs. 35 and 36 respectively). That is the 
presence of the methanol blocked the route to the formation of 
the a-pyridinium glucoside (33), precisely the result expected 
Should the latter compound arise from the 1,2-acetoxonium ion 
patermediate. Thé n.mr.vwspectrum of the 1,2-orthoacetate, (Fig. 
35) showed the presence of the two possible diasteroisomers aris- 
ing from a change in the configuration of the new asymmetric cen- 
ter in the dioxalane ring (56). The isomer which produced signals 
for the methoxy and orthoacetyl groups at 6.707 and 8.28T, res- 
pectively, is believed on the basis of the n.m.r. spectrum (56) 
and through steric approach control (47) to have the structure in 
which the alkoxy group is exo (56) (Discussion D). 

In order to confirm these notions the reaction of tetra-O- 
acety1-8 -D-glucopyranosyl chloride with pyridine was examined. 
As already seen with regard to the characterization of 33 and as 
expected, the only water soluble product isolated was the a-pyri- 
dinium glycoside, as proved by the n.m.r. spectrum shown in Fig. 
34. It was therefore possible to conclude that the a-anomer 33 


is formed by way of B-acetobromoglucose. Furthermore it was evi- 
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dent that the B-acetobromoglucose dissociated to 1,2-acetoxonium 
ion at a rategat léast as great as the formation of 33. There- 
fore unless B-acetobromoglucose reacts with pyridine to form the 
d=-pyridinium compound (33) at a much greater rate than g-aceto- 
bromoglucose reacts with pyridine to form the B-anomer (26) and 
unless the 1,2-acetoxonium ion tends to react with bromide ion to 
give B-acetobromoglucose at a rate much greater than its reaction 
with pyridine to form the B-pyridinium compound (26), then it must 
be conCloded that 338 arises from the 1,2-acetoxonium ion. 41t is 
therefore most probable that the driving force for the ready forma- 
tion of 33 from B-acetobromoglucose is derived from the anchimeric 
assistance provided by the participation of the 2-acetoxy group 
and that, consequently, the last stage of the reaction involved 

an intramolecular rearrangement of a transient 1,2-orthoacetyl 
pyridinium bromide. These reactions are summarized in Scheme II. 
That the mixtures of B- and a-pyridinium glucosides (26 and 33) 
were not formed by anomerization was confirmed by the stability 

Or 20 Imepyridine. In Scheme III is summarized the ‘data pertain- 
jug toathe elucidation of Scheme II. 

The plausibility of such a migration 1s well supported 
through the consideration of a molecular model and the fact that 
the rupture of the carbon-1-to-oxygen bond in the dioxolane ring 
must involve participation by the oxygen of the pyranose ring. 

The latter type of participation is clearly involved in all dis- 
placement reactions at the anomeric center of sugar structures. 

The occurrence of the above migration undoubtedly explains 


the stereochemical routes of reaction observed in the synthesis 
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of 3-carboxamidopyridinium nucleosides (94). The significance of the 
formation of both anomeric forms in the synthesis of other nucleo- 
Sides from O-acylated glycosyl halides (100,107,108) is obvious. 

It is interesting to note that Fox and Wempen (109), in attempt- 
ing to rationalize the “trans-rule™ in the preparation of nucleo- 
Sides by the Hilbert-Johnson method, consider the possibility of a 
double Walden inversion at the anomeric center for a halide with a 
C1-C2-trans-configuration. The first step may be the inversion of 
the anomeric center either by the nucleophilic attack of a halide 
Lom, contby sthe tformation tof a).1)2-orthoester:ion. *'The inverted 
halide or the transient carbonium ion may now be attacked by the 
nitrogen heterocycle with a second Walden inversion to give the 
L,2-trans=nucledside. The latter’ mechanism ‘involving the ‘carbonium 
ion was considered the more likely route. In the light of our work 
it appears that the 1,2-acetoxonium ion rather leads to the forma- 
tion of the nucleoside with the retention of configuration at the 
anomeric center. More recently (102) it has been shown that the 
“trans=rule"eis not always ‘obeyed ‘by the Hilbert- Johnson procedure 


in the condensation of ribopyranosyl halides with pyrimidines. 


D. THE FORMATION OF ORTHOESTERS 


In the introduction it was pointed out that orthoesters were 
normally prepared from 1,2-trans-O-acyl-glycosyl halides, although 
orthoacetates were obtained as side products in some reactions of 
1,2-cis-acetohalogenosugars. From our mechanistic interpretation 
in Scheme II it seemed likely that if a hindered base were used 


instead of pyridine and bromide ion were added, good yields of 
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orthoesters should be obtained from 1,2-cis-acylated sugars. 
a-Acetobromoglucose did not react with s-collidine after 5 days, 
and s-collidine was therefore chosen as a Suitable base. 

We obtained approximately 100% yield of the diastereoisomeric 
orthoesters by this method, but one isomer is normally obtained 
in large excess. In Table II the percentages of the diastereo- 
isomers, with the chemical shifts of the orthoacetyl signals and 
the anomeric proton with its coupling constant are given Lemieux 
and Cipera (47) concluded that the high degree of partial asymmet- 
ric synthesis leaves little doubt that the orthoester is formed by 
approach of the nucleophile on the side of the positively charged 
Lye-ecetoxonium aon which is trans to the pyranose ring. Perlin 
(54) has pointed out from the n.m.r. spectra of diastereoisomeric 
1,2-orthoesters in the mannose series that the chemical shifts for 
the protons of the orthoester ring provide a possible basis for 
relating the diastereoisomeric orthoacetates. His arguments are 
equally valid for the 1,2-orthoesters in the glucose series, ex- 
cept that the chemical shift for the 2-proton is not readily ob- 
served. Thus of the two diastereoisomers of any 1,2-(Calkyl ortho- 
ester) the one with the C-methyl signal to lower field in the mix- 
ture will be called the "texo"-isomer in this thesis, Since it will 
be assumed that the alkoxy grouping is "exo"! to the pyranose ring. 

Further evidence in support of this assumption was obtained 
when it was shown that the presence of the base did not affect the 
predominant formation of the "exo"-isomer, for example by attack 
of the alcohol on a transient 1,2-orthoacetyl pyridinium ion with 


Walden inversion. Also when the isopropyl orthoacetate (35) was 
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dissolved in 95% ethanol for recrystallization unless care was 
taken to ensure the medium is not acidic, an exchange took place 
(55) and the ethyl orthoacetate (34) was formed with the same con- 
figuration of the orthoacetate asymmetric centre. Similarly,when 
B-acetochloroglucose was reacted with methanol in the absence of 

a base by using silver acetate and dicyclohexylcarbodiimide to re- 
move liberated acid, only the “exo'"-methyl 1,2-orthoacetate was 
formed (Experimental D.1.f.). Therefore the orthoacetates must 
form by direct attack of methanol on the acetoxonium ion. 

The emer. spectra of the crude orthoesters obtained under 
Pier staldarawconditions are |[shown.in Figs. 37%, 39, 40, 41, and 42. 
iriwasiirom these spectra that fhe ratios of the “endo'- to *texo!'- 
isomers were calculated (Table II). Fig. 38 which contains the 
nem.r. spectrum of the pure “exo'"-ethyl orthoacetate (34) is 
shown as typical of the pure crystalline “exo"-orthoacetates 
actually isolated..._.The n.m.r. spectrum (Fig. 40) of the t-butyl 
orthoacetate (36) contains a trace of s-collidine as an impurity. 
fiescnlorotorm solution of 36 is too sensitave to acid hydrolysis 
for the s-collidine to be removed by washing with aqueous acid. 
The last traces of s-collidine also could not be readily removed 
from the semi-crystalline mass of 36 by evaporation at 80° in 
pelo. 

From our conclusions that a-nucleosides can be prepared via 
transient orthoester-type intermediates which probably rearrange 
in a 4-center process, we hoped that orthoesters should also re- 
arrange under suitable acidic conditions to a-glucosides. Since 


initial experiments with the “exo"-orthoesters were not encourag- 
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Crude a-D-Glucopyranose ies (Bthy 1 Orthoacetate)- 
3,4,6-triacetate (34) (Chloroform). 
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PII oo<,) Lure 
3,4,6-triacetate (34) (Deuterated Chloroform). 
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Fig. 39. Crude aq-D-Glucopyranose 1,2-(Isopropyl Orthoacetate) - 
3,4,6-triacetate (35) (Chloroform). 
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Fig. 40. Ponds aD. eit tanec 1,2- (t- suey nl eee 
3,4,6-triacetate (36) and a little s- -Collidine 
(Chloroform) . 


Fig. 41. Crude q-D-Glucopyranose 1,2-(Cyclohexyl Orthoacetate)- 
3,4,6-triacetate (37) (Chloroform). 
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Pig. 42. Crude a-D-Glucopyranose 1,2- (Phenyl Orthoacetate) - 
3,4,6-triacetate (38), Experimental D.l.e.(i). 
(Chloroform) . 


——1,— 5 5 —g—§- 
.. s 


— = 


, | 

' | 
“aA Venda 
| 


Fig. Ce Crude a-D- -Glucopyranose ig 2- “(Phenyl ‘Orthoacetate)- 
3,4,6-triacetate (38), Experimental Dul.e ahi 
(Chloroform). 
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The Pro duct of the Reaction of Tetra-O-acetyl-a-gluco- 
pyranosyl Bromide, Silver Di-s-collidine Fluoroborate 
and Phenol, Experimental D.l.e. (iii). (Deuterated 
Chloroform). 


- =< . ‘ — Fe, mt a 


- ~~ a . - eemmne ts — a A — > 
sete) TTY con ld-d-9g ebux .f8 sett 
bse ans ind-d, 8.6 7 

. Urwsto wind) 


CJ 
7 ; 
—. ai i] 
A . Me 
‘ rs 7 yal 
. = \ 
mad - a ee i 
; : Ln —_.- aa — 


WWdenulD-I<-5 sbuxd  .fd -eLi 
be) , Peis G | sietdeoslis-3 .b.€ 


. (aerro't0 xo LAD) 


~* 
ee 
=~ 


—— i 


; Pi, | 
i ee *, pt 
a me - - = ~—— - - i — - 


i % pe 2 -—— o> AT 


“oe C-iNJSOR-O-L. ve? Oo Aostoset oftd 20 dobar? eff cas 
IS 1GUONONLE sasbiligo-e-id zor ly into Z Ly sous iyg 
bezevesuved) .(t2%) avi. @ dada iitega ,losedi bas \ 


L2e 


ing with a variety of acid catalysts, we decided to attempt to 
prepare an “endo"-orthoester, in which the configuration would 

be set up for the rearrangement. Thus the preparation of ortho- 
esters from various other 2-O-acylated groups, namely benzoyl, 
pivalyl and methoxycarbonyl, was carried out in an attempt to ob- 
tain an “endo''-group. Schemes IV and V summarize the reaction 
Sequences which\led to the formation of the 1,2-orthopivalates and 
the 1,2-dimethylorthocarbonate (49). 

In the preparation of the orthobenzoates and orthopivalates, 
1,3,4,6-tetra-O-acetyl-aq-D-glucopyranose (17) was acylated with the 
appropriate acid chloride, and the Q-bromide was then formed by 
treatment with 30% hydrogen bromide in acetic acid. The a-bro- 
mide was finally reacted under the standard conditions to form the 
orthoester desired. Whilst none of the intermediate compounds in 
the preparation of the orthobenzoate was obtained crystalline, the 
Nviele spectra are undquismocad fas to their structure. ThuS, the 
2-O-benzoate (39) provides an n.m.r. spectrum (Fig. 45) very simi- 
lar to that of the a-D-glucopyranose pentaacetate. The aromatic 
protons have too high an intensity, probably due to benzoyl chlor- 
ide as impurity, and there is a trace of ethanol present. Simi- 
larly the n.m.r. spectrum (Fig. 46) of the a-bromide (40) prepared 
from 39 closely resembles that of a-acetobromoglucose. In prepar- 
ing the isopropyl orthobenzoate (41) from 40 considerable decompo- 
Sition was observed as determined from the darkening of the solu- 
tion. Therefore it was decided not to further investigate ortho- 
benzoates. 


Orthopivalates seemed likely on steric grounds to have the 
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Scheme IV 


The Synthetic Route to q-D-Glucopyranose 
1,2-Orthopivalates 
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Scheme V 


The Synthetic Routes to q-D-Glucopyranose 
1,2-Orthocarbonates 
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Fagic+ 45: ee 1,3,4,6-Tetra-O-acetyl-2-0-benzoyl-a-D-gluco- 
“pyranose (39) (Deuterated Chloroform) . 


Fig. 46. Syrupy 3,4,6-Tri-O-acetyl-2-0-benzoyl-a-D- ee 
Bromide (40) (Deuterated Chloroform). 
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t-butyl grouping exo to the pyranose ring and hence an endo alk- 
oxy group which would be suitably orientated for a rearrangement 
to an a-glucoside. The tetra-O-acetyl-2-O0-pivalyl-a-D-glucopyran- 
ose (42) was obtained crystalline, [a] pm se29 (chloroform), and 
Tie ueM.n. spectrum (Fig. 479 has a pyranose ring proton structure 
Closely analogous to a-glucopyranose pentaacetate. The a-bromide 
(43) made by reacting 42 with 30% hydrogen bromide in acetic acid 
was not obtained crystalline but its structure was confirmed by 
Thee isms. Spectrum shown in Pig. 48. Except for some;fairly 
marked chemical shifts the ring protons have a similar appearance 
to that for the 2-O-benzoate a-bromide (40). The remainder of the 
Spectrum is exactly that expected for 3,4,6-tri-O-acetyl-2-O-piv- 
alyl-a-D-glucopyranosyl bromide. The methyl orthopivalate (44) 
obtained by the standard procedure for preparing orthoesters from 
the a-bromide (43) has the n.m.r. spectrum shown in Fig. 49. 

Since the lability of the orthopivalates towards acids was not 
known, the chloroform solution of 44 was not washed with aqueous 
acid and jhence Fig. 49 contains signals due to s-collidine at 
Upp teaeeoie 7. 55t and 7.8%. The doublet at 4.171,--spacing 6 
C.p.S. is undoubtedly that due to the anomeric proton from a com- 
parison with the other orthoesters prepared. The methoxyl peaks 
S10. 55t tand 6.71T “are assigned to/the Yendo":and "exo? diaster- 
eoisomers respectively, assuming that the chemical shifts will be 
in the same sense as for the corresponding methyl orthoacetates. 
Thus it is calculated from the intensities that 92% of the “exo!''- 
isomer was formed. The Courtauld models of the two diastereoiso- 


mers surprisingly showed that there was not much difference in the 
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Fig. 48. eaten 3,4,6- Tri- eerae 2- Sie eae em imo eaet 
Bromide (43) (Chloroform). (t-Butyl signal at reduced 
amplitude). 
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Fig. 49. PEE eons Glucopyranose 1 ye ‘(MethyL  Orthopivalate)- 
3,4,6-triacetate (44) containing s-Collidine (Chloroform). 
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steric crowding of the two isomers. Therefore the high proportion 
of one isomer must arise from electronic factors. 

An attempt was therefore made to synthesize an orthocarbonate 
which must necessarily contain an "endo"-alkoxy group. We suc- 
ceeded in reacting 3,4,6-tri-O-acetyl-8-D-glucopyranosyl chloride 
with methylchloroformate in s-collidine to form the 2-O-methoxycar- 
bonyl grouping, but in the process the anomeric center was anomer- 
fe ome noWwoe by Pip. OO. The anomeric protonati3..63r , spacing 
365 C.p.S. AS typical of acylated a-halogenoglucopyranoses. Except 
for the methoxyl signal at 6.20, the rest of the spectrum is typi- 
cal of a-acetohalogenoglucoses, and thus although the syrup was 
never crystallized, the structure of 46 was not in doubt. In order 
to obtain the B-anomer, syrupy 46 was reacted with silver acetate 
an acetic acid with Walden/inversion to give 1,3,4,6-tetra-O-acetyl- 
2-O-methoxycarbonyl-B-D-glucopyranose (47) in crystalline form, 
[alp + 13.4° (chloroform). The n.m.r. spectrum (Fig. 51) may be 
readily compared with that of B-glucose pentaacetate. The B-acet- 
ate (4/7) is readily converted to the B-chloride (48), ee] 55 bape: le 
in chloroform, by treatment with aluminium chloride in methylene 
chloride (110), the configuration being retained through neighbor- 
ing group participation. It is of interest that the methoxycarbonyl 
group may be expected not to participate as readily as the acetoxy 
group since there will be a smaller charge density on the carbonyl 
group due to the presence of two other electronegative oxygen atoms 
bound to the carbonyl group. On the other hand any intermediate 
carbonium ion will be better resonance stabilized than the acetox- 


onium ion as there are now three oxygen atoms over which to parti- 
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Fig. S50. ShiAtbyy 3,4,6-Tri-O-acetyl-2- {ose hedauvenwtS a-D- 
glucopyranosyl Chloride (46) (Chloroform). 


Fig. 51. tee r 6- yee Sabir tay 2- en yr ate 
glucopyranose (47) (Chloroform). 
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LG 68 Dilton he ty ae ete teen ope 2- eran eas amansy (es 8-D-glucopyranosyl 
Chloride (48) with Solvated Benzene (Deuterated Chloro- 
form). 
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ally delocalize the charge. Since the reaction proceeded smoothly 
in half an hour, the time taken to react B-glucose pentaacetate to 
give B -acetochloroglucose, it appears that these two effects virtu- 
ally cancel out. The 2-O-methoxycarbonyl-6 -chloride (48) could 
not be freed entirely of benzene even after prolonged evaporation 
of the finely ground powder. The n.m.r. spectrum shown in Pig. 52 
in deuterated chloroform confirmed the presence of about 1/3 of a 
mole of benzene per mole of 48, and on this basis the analysis 
gave good results. The n.m.r. spectrum (Fig. 52) is closely anal- 
ogous to B-acetochloroglucose. The ®-chloride (48) was treated 
with silver di-s-collidine perchlorate (1) and methanol in methyl- 
ene chloride to form the orthocarbonate (49). The silver salt was 
added to promote the rapid formation of the cyclic orthocarbonate 
ion. s-Collidine is too hindered to react with the B-chloride 
({S)eeeThe nem.r. spectrum of the product (Rig. 53) confirms the 
presence of the dimethyl orthocarbonate in about 85% yield. The 
Beer te ssignal “at 4./32t, spacing 5 cipssey"is typical pf «that ob- 
tained for the orthoacetates. The two methoxyl peaks at 6.55 Tand 
6.671 are those of the "exo"- and "endo''-methoxy groups on the di- 
oxalane ring. There is a small signal at 6.25% typical for methoxy- 
carbonyl and this probably corresponds to a small shoulder on the 
methoxy signal at 6.55t. This may be expected to arise from an 
impurity of a methyl 2-O-methoxycarbony1l-D-glucoside triacetate. 
It is on this basis that an 85% yield of the orthocarbonate is cal- 
culated from the relative intensities. 

Attempts to prepare the orthocarbonate from the a-chloride 


(46) by utilizing the same mechanism aS was used to prepare ortho- 
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Fig. 53. Impure qa-D-Glucopyranose 1,2-(Dimethyl Orthocarbonate)- 
3,4,6-triacetate (49), Experimental D.4.d.(i). 
(Chloroform). 
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Fig. 54. Impure a-D-Glucopyranose 1,2-(Dimethyl Orthocarbonate) - 
3,4,6-triacetate (49), Experimental D.4.d.(ii). 
(Chloroform). 
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acetates from q-acetobromoglucose, but using chloride ion instead 
of bromide, were only partially successful, as seen from the n.m.r. 
Spectrum (Fig. 54). The percentage of the orthocarbonate in the 
mixture iS calculated to be 54% by the same method as used above. 

The only reference to orthocarbonates of sugars which was 
found, was that of Lieser and Leckzyck (111). They claimed that 
when they reacted methyl 6-O-benzoy1-2-0-[ (methylthio)-thiocarbon- 
yl] -a-D-glucopyranoside with silver carbonate in methanol, they ob- 
tained methyl 6-O-benzoy1-2,4-(dimethyl orthocarbonate)-a-D-gluco- 
pyranoside. When the latter compound was treated with methanolic 
hydrogen chloride, methyl 6-O-benzoyl-a-D-glucopyranoside was iso- 
lated and this was taken as evidence of its structure. 

It is interesting to note in the preparation of the phenyl 
orthoester (38) that the standard conditions from a-acetobromoglu- 
cose resulted ‘in a’relatively large percentage of the “endo''-1so- 
mer (32%, Fig. 42). On the other hand when the phenyl g-D-gluco- 
side tetraacetate was expected to form on treatment of a-aceto- 
bromoglucose with the silver perchlorate complex (1) and phenol, 
only the diastereoisomeric orthoesters were produced. In con- 
trast to the above preparation, an only 13% yield of the "“endo"- 
isomer was obtained. The n.m.r. Spectrum in chloroform of the 
crude product isolated in an incomplete reaction of a-acetobromo- 
glucose with isopropanol in the presence of the silver perchlorate 
complex (1) possessed signals that could be assigned only to the 
isopropyl orthoacetate (35) and starting material. There was a 
sharp Signal at 8.281, typical of the orthoacetyl group of 35, and 


a doublet of spacing 6 c.p.s. at 8.837 with double the intensity 
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(see Fig. 39). Thus since no glucoside was formed with the silver 
perchlorate complex (1), q-acetobromoglucose must dissociate to 
bromide and the 1,2-acetoxonium ions before the phenol attacks. 
Significantly, when silver di-s-collidine fluoroborate was substi- 
tuted for 1, a 10% yield of the phenyl tetra-O-acety1- -D-gluco- 
pyranoside was isolated and the n.m.r. spectrum of the product, 
Fig. 44, andicated an only 20% yield of the “exo"-orthoacetate. 
Assuming that the spinning side band at 8.417 corresponds to the 
Signal for the "endo"-orthoacetyl group, the total yield of the 
orthoacetate was less than 40%. In fact, the spectrum of the prod- 
uct resembles that of phenyl tetra-O-acetyl-8-D-glucopyranoside. 
Although the phenyl B-D-glucoside tetraacetate was isolated in 
low yield, when ethanol was substituted for phenol (Experimental 
D.l.e.(iv).), a 50% yield of the crystalline ethyl B-D-glucopyrano- 
Side tetraacetate was isolated, and the n.m.r. spectrum of the 
Grude product was almost identical to ethyl @-D-glucoside tetra- 
acetate with s-collidine aS an impurity. 

Thus the anion of the silver salt has a profound effect on 
the course of the reaction, even though an essentially homogeneous 
reaction since the silver salts were fairly soluble in the solvents 
used. The reasons for this effect, whilst not properly understood, 
must be due to the relative stability of ion pairs which are form- 
ed in the reaction. Evidently, the di-s-collidine silver fluoro- 
borate complex shows considerable promise as a reagent for the 
preparation of glycosides. 

It was mentioned earlier that Fischer and Raske (69) added 


a-acetobromoglucose to pyridine containing phenol to prepare the 
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B-pyridinium glucoside 02 Gir. Although they did not comment on the 
reason for adding phenol, in view of our results it could be anti- 
Cipated that the phenol would eliminate the formation of the q-pyri- 
dinium compound (33) by trapping any 1,2-acetoxonium ion. Thus the 
isolation of 26 would be straightforward and likely this accounted 
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8.) » ACID,.CATALYSED REACTION OF ORTHOESTERS GIVING a-GLUCOSIDES 


AS mentioned in Section D, a reasonable mechanism for the 
formation of a-glucosides from 1,2-orthoesters can be postulated 
under acidic conditions. Strictly anhydrous conditions must be 
used since it is known (47) that the acetoxonium ion will scavenge 
trace amounts of water in acetic acid. In preliminary experiments 
aevatiety of solvents (chloroform, methylene chloride, acetonit- 
rile and benzene) and acid catalysts (picric acid, p-toluenesulph- 
Mic acid, hydrogen bromide, borontrifluoride etherate, tri-n- 
butyl boron, tetraphenyl tin etc.) were used. It was found that 
unless an alcohol were present very little glucoside was formed as 
judged from the n.m.r. spectra of the crude reaction products. 
When an alcohol was present a-glucosides were isolated by Celite 
column chromatography of the deacetylated syrup. 

When the t-butyl orthoacetate (36) was treated with half a 
mole excess of isopropanol in methylene chloride with picric acid, 
10 mg, as the catalyst (about 1/40th the molar concentration of 
the orthoester, 36), an initial very rapid rise in rotation was 


observed, and the rotation then rose more slowly over the next 29 


hours. The n.m.r. spectrum of a sample of the reaction mixture 
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indicated that 42% of an orthoester was unreacted and it corres- 


ponded to the isopropyl orthoacetate (35) not the t-butyl ortho- 
acetate (36). This was confirmed by the actual isolation of 35 
Buapersmental Eh. Tsct tii) ) >A rurther®10* me*of4picrie "acid was 
added, and the rate of the rise in rotation increased although not 
as markedly as initially. Finally, when the rotation was constant, 
a"rurtner’13"me"of' picric® acid was’ added’ but” the *rotation®= only’ rose 
Siaenrly.*"The*ntmer: spectrum had‘no’C-méthyl"grotip"Signals attrib- 
Utable“to- orthoacetates. “Deacetylation and’ Celite chromatography 
lead to the isolation of the t-butyl a-D-glucopyranoside in 47% 
yield. A slower moving component of Rg = 3-1 was thought to be 

due to isopropyl glucosides. The surprisingly high yield of the 
t-butyl glucoside was unexpected since exchange of alkoxy groups 
had occurred. Therefore it seemed likely that it was the free 
alcohol that“gave rise to the a@-glucoside and not Some’ rearrange- 
ment of the orthoester. Column chromatography is a tedious and 
time consuming operation, besides not being a good analytical tool, 
and therefore the trimethylsilyl (tms) derivatives (72) of the de- 
acetylated products were prepared for analysis by g.-1.p.c. 

The methyl, ethyl, isopropyl and t-butyl a- and 6 -D-glucopy- 
ranoside tetraacetates were prepared by standard methods. Known 
quantities of the glucosides were added to known quantities of 
pentaerythritol tetraacetate, chosen as the internal standard, and 
together they were deacetylated in triethylamine, methanol and 
water. The syrupy product was trimethylsilylated under standard 
conditions, and the pyridine solution of the tms derivatives was 


analysed by g.-l.p.c. Hence a correlation could be made between 
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the areas of the peaks for the glucoside tms derivatives on the 
chromatogram and that of the pentaerythritol tms derivatives. 
Varying the concentration and the relative quantities of the 
pentaerythritol tetraacetate and the acetylated glucosides still 
gave good analytical results. The main source of error was the 
instability of the base line which led to a maximum 10% error in 
the estimation of the integrated areas of the peaks on the chroma- 
togranne Imrthe “anabysisrof the actual reaction !products,) /as"al- 
ready discussed in the Experimental, Section E., glucose was found 
to be present in small yield. This could be due to trace amounts 
of water in the reaction mixture or due to a small amount of unre- 
acted orthoester. When the orthoesters were subjected to the stand- 
ard reaction conditions described in the Experimental without the 
addition of alcohol, and immediately evaporated to a syrup which 
was dissolved in methanol and water prior to adding the triethyl- 
amine to deacetylate, it was found that only a- and B-D-glucose 
were detected in the standard method of analysis by g.-l.p.c. 

Thus the orthoester is rapidly hydrolysed, when dissolved under 
acidic conditions in aqueous methanol, to products which deacetyl- 
ate to give glucose. Thus any unreacted orthoester will analyse 
as glucose in the standard procedure used. 

Although the tms derivative of a-D-glucose always coincided 
with the derivatives of the simple alkyl a-D-glucosides considered 
on analysis by g.-l.p.c., the B-D-glucose tms derivative had a 
longer retention time than the. tms derivatives of alkyl B-D-gluco- 
sides. Hence since the ratio of a- to B-D-glucose was constant 


under the standard conditions employed, the yields of the Q- and 
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B-glucosides as well as that of glucose could still be calculated. 
The tms derivatives of the methyl glucosides were not readily sep- 
arated on the columns tried out. Also the tms derivatives of gluco- 
Sides with the same anomeric configuration but different aglucones 
were not separated. Unfortunately therefore, for successful ana- 
lysis the alkoxy group for the orthoester had to correspond to the 
alcohol used. 

Buestitee Orthoesters, the ethyl (34), isopropyl (35) and t- 
butyl (36), were reacted under standard conditions, 0.4 M in the 
orthoester, 0.08 M in p-toluenesulphonic acid, o.4 M in the corres- 
ponding alcohol in methylene chloride as the solvent. The prod- 
ucts of the reaction from 34 and 35 are given in Table IV, and 
the change in the observed rotation in Diag. 3. As seen good 
yields of the a-glucoside were obtained. The effect of increas- 
ing thes molarity of the alcohol did not significantly alter the 
yields.—-The-effect—of-omiatting-the-—ailcohol lLeads-to-a ‘drastic re- 
duction in yield (Table IV) and this is discussed later. An ex- 
amination of the volatile components of the reaction showed that 
ethyl acetate is formed virtually quantitatively from 34 and iso- 
propyl acetate from 35 under the standard conditions. Thus the 
product of tlé reaction must have lost an acetyl group. The 
NemM.r. spectrum (Pig. 55) of the crude~product from the reaction 
of isopropyl orthoacetate (35) under the standard conditions show- 
ed a signal pattern for the isopropyl group which was quite differ- 
ent from that of the isopropyl @- and B-D-glucopyranoside tetra- 
acetates. The chemical shifts of the two methyl signals, which 


have spacings of 6 c.p.s. due to coupling with the secondary proton 


.betsluaisa of Llkte bhuos seonulg: Jorseds len Ldewee aebh #19 
-qo2 yithsexr ton sisw eobteoouly. Iydtom sdt te eovitavizs> emt oa? : 
-OoUTg lo 2eVileavizsb amt oft o@fA .tvuo betz? gamulos odd 20 Detse 
2en0oul as tosi9licb ivd cobtsivgitnoo oixemonms- sose! oft Peron aq 
“68 Iuleeov5ve 101 ,e20texed? yletanutzoln | .bstsreqse ton o1ew | 
wit of baogesi109 oF bed s9t290dt20 edt. 20 query yxodis odd ebeyl 
-beeu Lodoske 
-t Bas. (28 becounsal .( PE) Lydts edt peistezsodtzovge1dt sdf <5 
“it oe M }.0 ,anottibnos bysebisete asbau betosss stew (OE) fytud 
“291203 Odi uc M b.o ,bine simodqlwesnsulot-q ai M 80.0 +istesodiz0 
Soxsg oat .tisvioe off 28 sbiaoldo enslydtem.nk Lodoois) gatbneg 
‘Vi shdey ot tevtg sas £6 bas bE mort moitoesz ods to eto © 
boou 992 2A .f .gat0 ni coktasto2zr bsvisedo edt ob egosdo edt 
-engtomt to 198119 sfT .benistde sisw sbieootlgen sdZ lo ebisiy 
sit 19%! yvlinsotbengie tom bab Lodeosls eds te yiirslom sdb got J 
“91 D£i2erb s 0 ehes! Llodosls edt gaittimoe to tostte sdT sebley a 
“ko CA .2etel beeeuceib et abdt bag (VE sidsT) bisiy ak soksoub 


; 
leit beware nottoesa edt te atrenoqien ehitalow sdtvo: nobis 2 
+ 


“oat bos BE moit ylevitstitceup yllautziv bend? 2b ststeos iydte 


ead3 eudT .anatsibetes basbrste of ® asbaw c& mort ststeosg 
vain 
NOLTISS2 of7 GO1l JoOuboer@ sbirzto eft Yo (ee git) aidesatet sty ame 
Pea 
“woe asoitbhaod busboeta oft webau <26)» ay atoosensae Iyq03 


afl .quoug Iyteos op, t20f saved teem Mobtoass edt to 4c 


ei to 
-192}ib otiup asw doidw quowy tyqotqoet edt zo? axetted | 5 sees be 
1 yal - 


P, 
: 


“B1753 sbreone1yqoouly-O-§8 bas -0 lyqo1zqoet «edt “ 
doatdw .elecate Lydtom owt oy to attide isoimenio 4 


= 


daha YtaRbgoose sdt atiw wrkiqnos ov ub ween: 3 


<> 
Ba irics 


— 


a ~ 


, - 
= 


wANe ew 7 ; oF i 7 a 


Fig. 55. Impure Isopropyl 3,4,6-Tri-O-acetyl-aq-D-glucopyrano- 
Side, Experimental E.1.b.(i). (Deuterium Oxide). 
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Figm 56. As forsFig. 55 (Chloroform). 


Fig. 57. Impure Isopropyl 3,4,6-Tri-O-acetyl-2-0-benzoyl-q- 
D-glucopyranoside, Experimental E.1.b.(i). 
(Deuterated Chloroform). 
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DIAGRAM 3 
Polarimetric Rates of Reaction of 0.4M Solutions of Orthoesters, 


Alcohols and 8-Glucosides in Methylene Chloride, 0.08M in p-Tolu- 
enesulphonic Acid 
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are very sensitive to their environment (112). Thus whilst the 
isopropyl orthoacetate has in its n.m.r. spectrum (Fig. 39) a 
Clean doublet at 8.85T spacing 6 c.p.s. (i.e. both methyl groups 
have identical chemical shifts), the n.m.r. spectrum of isopropyl 
a-D-glucopyranoside tetraacetate contains a triplet, spacing 6 
SPpsssyscentérediatesvsOr Ci.éeiea vdifferencetof ' 60Crpis. tin the 
methyl chemical shifts). The n.m.r. spectrum of the B-anomer has 
a®°quartet centered at 8.84T but with the central pair of peaks 
scarcely ‘resolved: » Thus the four peaks in Fig. 55-indicated a new 
compound, presumably mainly isopropyl 3,4,6-tri-O-acetyl-g-D-gluco- 
pyranoside, since the product on deacetylation contained 70% of 
isopropyl a-D-glucopyranoside. This was confirmed by acetylation 
of the product to give a crude product with an n.m.r. spectrum al- 
most identical to that of isopropyl a-D-glucopyranoside tetra- 
acetate, and the crude product readily yielded the latter crystal- 
line from ethanol. Benzoylation provided a product with the n.m.r. 
spéctrum shown in Pig. 57. The isopropyl signal pattern contained 
four distinct peaks composed of two doublets, spacing 6 c.p.s. at 
8.75 tand 8.95t. Only benzoylation at the 2-position can be 
reasonably expected to have such a profound effect on the chemical 
shifts of the isopropyl group, since the other positions are too 
remote. Also mechanistically only the 2-position is expected to 
be involved in the reaction. Furthermore, the n.m.r. spectrum of 
the’sproduct 8¢Figs'56) closely resembles ‘that (Fig. 63) of ‘the 
product obtained on reaction of 1,2-anhydro-q-D-glucose triacetate 
with isopropanol. Chromatography of the reaction products on DMSO 


impregnated paper confirmed the presence of a free hydroxyl group 
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in the products, since the compounds virtually did not move at all. 

When 13 moles of isopropanol were used per mole of the iso- 
propyl orthoacetate (35) in methylene chloride and with p-toluene- 
sulphonic acid as the catalyst, the analysis of the products by 
g-e-l.p.c. by the standard method (Table IV) showed that there was 
no significant difference in the yield of the products from the 
case when only one mole of the alcohol was used per mole of ortho- 
ester. 

In the reaction of the t-butyl orthoacetate (36) under the 
standard conditions, it was found that the volatile components of 
the Teaction contaaned asobutylene” and-t-butyl acetatecas well .as 
unreacted t-butanol. It was therefore obvious that p-toluenesul- 
phonic acid 1s too Strong an acid to be used with tertiary alcohols 
which readily dehydrate. The water liberated may be expected to 
give rise to transient acid orthoesters which will decompose to 
products which will analyse as glucose with the analytical proced- 
ure used. Nevertheless when a weaker acid such as picric acid was 
used, good yields of the q-glucoside may be obtained as already 
seen. 

Scheme VI for the mechanism of the reaction of orthoesters 
with alcohols in the presence of acid catalysts seems the most 
reasonable. Routes (1) and (2) lead essentially to the same prod- 
uct. The cyclic carbonium ions stabilized by the pyranose ring 
oxygen are similar to intermediates postulated in the anomeriza- 
tion of B-glucosides with strong Lewis acids (40), although Lind- 
berg (39) believes that the pyranose ring is opened. At any rate 


since the a-anomer is thermodynamically more stable, it is not 
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Scheme VI 


Possible Mechanistic Routes for the Formation of q-Gluco- 
Sides from a-D-Glucopyranose 1,2-Orthoacetates on Acid Céetalysis 
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Surprising that about 70% of the a-anomer is formed. Route (3) 

is known to occur from the formation of the equilibrium mixture 

of the diastereoisomers in acid solution, as determined from the 
nem.er. spectrum (Fig. 65) of the product resulting on the treat- 
ment of pure "exo'-isopropyl orthoacetate (35) in methylene chlor- 
ide cConkattiingenpicricwacidjandpastnace.ofrisopropanolideThersignals 
at 8.31T and 8.47T may be compared with those at 8.29t and 8.45tT 
when chloroform is the solvent in Fig. 39. The last stage in 

route (3) which involves the genuine rearrangement of the ortho- 
acetate, the possibility of which led to the investigation of the 
Oorthoacetates as intermediates in the formation of q-glucosides, 
has not been shown to occur. There is some indication that it may 
occur to a small extent. For example when orthoacetates are re- 
acted with approximately equimolar p-toluenesulphonic acid in the 
absence of an alcohol a syrup was obtained with the n.m.r. spect- 
rum:Shown!in Fig. 63. The rough triplet at 8.8T may be attributed 
to the isopropyl grouping of a glucoside present aS a minor compon- 
ent, although the concentration must have been sufficiently small 
to escape detection of isopropyl D-glucoside tetraacetate ona 
DMSO impregnated paper chromatogram. On the other hand a reaction 
under the standard conditions of 0.2 of a mole of the acid per 

mole of isopropyl orthoacetate (35), but omitting the alcohol led 
to an analysis under the standard procedure of 20% of isopropyl 
a-D-glucoside, 4.6% of the -anomer and 27% of glucose. The n.m.r. 
spectrum of the reaction solution just before the isolation of the 
products had a sharp signal at 8.277 (external TMS) which was ly- 


ing on an ill-defined broad signal. The signal at 8.277 is without 
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doubt that of the unreacted orthoacetate and, whilst because of 

the presence of the ill-defined signal no accurate calculation of 
the amount of unreacted orthoester could be made, a value of around 
30% is indicated, and this would account for the high proportion 

of glucose in the analysis. 

Apart from the small amounts of isopropyl glucoside formed, 
the main course of the reaction must result in oligo- and poly- 
saccharide formation, as indicated firstly from paper chromatograms 
which contain bands at the origin of very slow moving material. 
bitseie comlirned by tthe n.m.r. spectrum an Fig. 64. The extremely 
bad resolution is expected of oligo- and poly-saccharides. The 
Stuone resemblance of, Fig. 64 to Fig. 61 is noteworthy. Pig. 61 
is the n.m.r. spectrum of the product obtained from the reaction 
of "Brigl's Anhydride" with 2/5 of a molar amount of p-toluenesul- 
pianic acid, “"BrielisiAnhydnide" ig known to polymeraze} on heat 
to ver olipo=satcharides—(113),"ahd-the—1,2-1inkéd@sigar, koji- 
Diose was one rot.the isolated products. phe acid catalysed .paly- 
merization of "Brigl's Anhydride" may be expected to give mainly 
1,2-tinked polysaccharides if it first reacts to give the intermed- 
jate X shown in Scheme VI. The n.m.r. spectrum, Fig. 61; is not 
inconsistent with such a product. If the intensity of the acetyl 
groups corresponds to 9 protons, then in the range 5.5-6.7T there 
are about 4 protons and from 4.1-5.57T there are 3 protons. The 
proton on carbon-2 since it is not deshielded by an acetyl group 
would be expected to be to higher field than protons on carbon-1, 
-3 and -4 and hence have a chemical shift of approximately that of 


carbon-5 and -6 protons. Therefore the intensities in Fig. 61 
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The Product from the Reaction of Triethyloxonium 
Fluoroborate and a-D-Glucopyranose 1,2-(Isopropyl 
Orthoacetate)-3,4,6-triacetate, Experimental 
E.1.d.(i). (Chloroform) . 


Fig. 60. (a) 3,4,6-Tri-O-acetyl-1, 2-anhydro-q-D-gluco-pyranose 
("Brigl's Anhydride"), (b) After adding one Mole-equiv- 
alent of p-Toluenesulphonic Acid. (The Region of 77 
was scanned within one minute) (Methylene Chloride). 
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The Product of the Reaction of "Brigl's Anhydride" 
with p-Toluenesulphonic Acid, Experimental B.2.b. 
(Chloroform). 


Fig. 6l. 
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Fig. 62. A Mixture of Ethyl 2,3,4,6-Tetra-O-acetyl-a- and B-D- 
gGlucopyranosides, Experimental E.2.c. (i). (Chloroform). 
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Fig. 63. A Mixture of Isopropyl 3,4,6-Tri-O-acetyl-a- and p- 
D-glucopyranosides, Experimental E.2.c.(ii). 
(Chloroform). 
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Fig. 64. The Product of the Reaction of a-D-Glucopyranose 1,2- 
(Isopropyl Orthoacetate)-3,4,6-triacetate (35) with 
p-Toluenesulphonic Acid after Reacetylation, Experi- 
mental E.2.d. (Chloroform). 
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Fig. 65. The Product Obtained on Treatment of Pure "Exo" q-D- 

' Glucopyranose 1,2-(Isopropyl Orthoacetate)-3,4,6- 
triacetate with Picric Acid, Experimental D.2.f. 
(Methylene Chloride). 
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correspond to a 1,2-linked polysaccharide although it must be 
pointed out that any combination of 1,2-, 2,2- and 1,1-linked poly- 
saccharides will give the same general structure in their n.m.r. 
spectra. 

In view of the close similarity between Figs. 61 and 64 and 
in view of the intermediate X postulated in Scheme VI, it was of 
tmbenestitG see iif ritewere rpossible tte lactuallytisolates’Brigts 
Anhydride" from a reaction of the orthoesters with p-toluenesulphon- 
16 tac 2d cr ifn sondensto ldo eso sit anus tibe » possible t6 .isclateée .“Brigl's 
Anhydride" back again when it is itself treated under the reaction 
conditions used. However when "Brigl's Anhydride" was treated 
with a 0.2 molar amount of p-toluenesulphonic acid five times, 
rapid rises in rotation were observed of equal value, except for 
the last addition, by when nearly a mole of the acid had been add- 
ed per mole of the anhydride. In an experiment where one mole of 
acid was added to one mole of ghoie hue Anhydride", the characteris- 
ticeeoubietheinfthe wem.n. spectrum ofptthesanhydridéwatr6e957T; 
Spacing !2 ‘c-pes.; (Fig. 60), assigned to,the 2-proton, had:disap- 
peared within a minute. Thus the p-toluenesulphonic acid must 
actually react with the anhydride, probably to give the unstable 
1-O-tosylate. Although no well defined anomeric proton signal 
could be observed in the n.m.r. spectrum (Fig. 60) a rough signal 
at 3.98T could be attributed to a 1-O-tosylate. Thus in the exper- 
iment when successive amounts of the acid were added, the first 
addition corresponded to the immediate reaction of 1/5 of the an- 
hydride. If it is assumed that a tosylate was formed and had not 


time to decompose significantly, an approximate value for its 
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Specific rotation may be calculated as [a] p + 150° in methylene 
chloride, which strongly suggests the a-anomer. This would re- 
quire a Cis-opening of the epoxide ring whereas normally epoxide 
rings are opened with Walden inversion at one of the carbon atoms 
forming the ring (114). This consumption of the acid explains why 
in the reaction of orthoesters if trace amounts of acids are added 
{he initialfPrapid rise in rotation tailsvoff ‘but “s |observed to 
increase on further addition of acid. Also in the experiments 
wittb picric,yacid as the catalyst (Experimental E.1.c.(ii)), when 
the syrup was purified by passing it down an alumina column, the 
colorless eluate turned yellow as it was evaporated. Thus a labile 
compound containing picric acid is indicated, possibly the 1-0O- 
Dictate since ¢gpicric acid will be expected to compete with the 
alcohol as the nucleophile. 

Imespiter ct. the fact that “Brigl's Anhydride“ obviously: cane 
not be isolated under the reaction conditions it was interesting 
to, determine if it was a transient intermediate. In order to test 
thve, "Brigiws Anhydride" was substituted for the orthoester under 
the standard reaction conditions. The analysis of the products 
of the reaction by the usual procedure is shown in Table V, for 
the two cases when ethanol and isopropanol are the alcohols. The 
predominant glucoside now formed is the B-anomer. The n.m.r. 
spectrum of the direct product of the reaction when isopropanol 
was the alcohol is shown in Fig. 63 and the Similarities with Fig. 
56 are obvious, even though a much greater yield of the a-gluco- 
side was obtained from the orthoacetate reaction. This confirms 


the evidence that the product of the orthoester reaction contains 


déL 


ootydtom mk “ORL + @ bol es betelvolaoved vem noitssox sitiosge 
91 bivow erdF .19900s-n oft ataeggwe wignoztea’ dotdw , sbisoldo 
ebixoqs vilsmron easorsdw gnta sbtxodqs sd? to go ineqo-eko 8 Ssikup 
2mots nodis2 sd? to ea0 Ys agoiz1svnt neblsW diitw beneqo sin) Byes 
‘iw anrsigxs bios sit to woztquuenod e&dT.. 4. CbLB) satx sit gnimro? 
abbs ots ebios lo etnvoms soen1d 3£ exstecontio, to cnobtopsiesdt as 
‘+ bevisedoe ar tud to elist) nottsto1 mk sat1 biqea Intdiak sat 
S USL LIQRs eid at o@JA .biroe to nokirtbbs 1z9sdtaw? oo) senemaat 
needy ,€Crt).o.1.3 Istasmi 19qxh) teyiste> eit 26 bios Sitzsig Atiw 
it ,omuvloo surmuls o8 awob tt gnteesq yd bet itaugq) 2ebw quays Sat 
idel s 2ued .b397610Gs¥S 2@sw 71t @s wollsy beaxst atsuis’ 2esiaotos 
o sit yidiaeoq ,betsotbek at bios 2L19'q¢ yatatatcoo, bavogmos 
iYfw steqmos of bet¥oeqxs sd Lliw bor DEtDkq conte) staat 
; .sLidqosloun ods es: Lodools 
iso yYlevoivdo “sbivbyittA 2@'1lats8" ted? toet edd to stéqeinl 
gnitasize7ur 2e6w ti enottihnods noktoss1 oft sasha betsloet ed toa 
I + tabr0 al .stsrbomtetni tastene 7? s.esw t& 2 onkmisgsd oF 
rze0ut10 sdt 10% betetstedue esw “ebitbydoA) 2* 1gk2e (asde 
org srl etevisng oaT .enoi¢ibnos aottose: bisbaste’ sig 
ar cwode at gwbhe»erq Leven odd yd noktose1! sdt) 36 
siT .z#lorfasls sit sas fonsqetqeet bas lonedts asdw 29265 owt sat 
-1-0.n ofT .ismons- 4 sit et bemzot wom sbkeootig tasniaobes 7 
lonsqoiqoei nedw woitoses sd? to Jorboug, soenkbo od? lo murtsesge 
i 

.gil dtiw esitbaslimie oa Ors, 60 okt BE nwome) et Bodools edte 

-ooviy-pedt to blety retes1y dota « dayode as¥e yevotvdo Ss 

5 
2maitnos eldT. .ootiose1 steteosodsxo sit mont Bentsido 25w ie 
\ ee 
Z2uLisigos moitoses1 19tas%dtto edt Yo touborg sedi tad? A ive 


a 


Led 


S(t pee (1)? cag TequoUTAedxXY 3es 


SLs S°CtV 
TAdo 1zdosT 
6S TV 
7° 6S 8° OP TAY 
g D 
poewurog Septsoon,To-v pue —-P Jo oT zeY u 
Y D 
OH uC on ; 
OOV -) "aan as 
uO ON g HOSL = HOW + 
O ON OOV W80 ‘0 ©) OOW 
syvo°HD ovoCHd SyoOCHD 


asourv tAdoontT9-d-P-0 zapAyue-z  T-TA}80e 
-O-TIL-9‘7‘E WOAZ UOT}eEUTOF aptsoon{TH-g pue -D FO SpTETA 


A dWidvi 


BS EXESLYUGECTT EB" 


4 


T26rtobAz 


ea 


2J 


2ee*s 


fo°s 


EPPA] 


> 


; 


— - ig b-Gye 


BSETO OF 


aes 


Ye ngs Sn, bean a 


RA oy. 
ay eae ve ae 
uh ena 4 


L38 


a free 2-hydroxyl group. The direct products could be acetylated 
to give n.m.r. spectra (e.g. Fig. 62) closely corresponding to the 
mixture of alkyla- and 8-D-glucopyranoside tetraacetates. About 
13% of the "Brigl's Anhydride" reacts to give oligo- and poly- 
Saccharides, as calculated from the relative intensities of the 
alkyloand acetate signals in the n.m.r. spectra. This was confirm- 
ed by an examination of the paper chromatograms of the deacetylated 
products. Both when ethanol or isopropanol were used as the al- 
cohols, the bands on the paper chromatogram at Rg values of 0.079, 
0.296 and 0.59 correspond to oligo- or poly-saccharides. 

The above observation that "Brigl's Anhydride” reacts to give 
mainly B-glucosides under the standard conditions, indicates that 
if it is an intermediate in the orthoester reaction, only a small 
fraction of the reactions proceeds by this route. Thus, the postu- 
lated intermediate X probably does not form to an appreciable ex- 
tent when "Brigl's Anhydride" reacts with alcohols under acidic 
conditions. Instead, the reaction must proceed mainly by way of 
an a-1-O-tosylate or the protonated epoxide ring with Walden in- 
version at the anomeric center. The yield of the q-anomer was 
Significant and it may arise from an intermediate such as X. 

That the reaction conditions used in the acid-catalysed 
alcoholyses of the orthoesters did not cause anomerization of the 
first-formed B-glucosides is evident since isopropyl 8B-D-gluco- 
pyranoside tetraacetate did not mutarotate under the reaction con- 
ditions and could be isolated again. It is extremely unlikely 
that if the 2-position contained a free hydroxyl group instead of 


being acetylated that it would mutarotate. Also the yields of 


821 


| ao 
betsiytesse sd bkvos etomborg foorkb oAT .quoizg Eyxorbyd-S sorta 


sii o3 guibnogesi109 yiseols (Sd /gff .9.8) eatosge .a.m.o cea y. ‘ 
tuodA .esTsISsagettst sbizoneryqooulg=-1+8 bas - 0 tydls to oust een 
-yiog bos -ogifo avig of 2tossx “sbiabyinA 2" tiad edt Yo REL 


edt to estifenostai svitsior sft mori betsinolas 26 eebisedoone al 
: 


- 


-wailino> 2sw 2ekdT .s1toeqe .1.m.0-9dt at elsngte sfsteas bus — 
betciytsnasb sdt to 2amsrgotémouwls 12sqeq sdd¢ to noitsnimsxs ie yd bo 
-f5 off #6 BDoew sisw Lomaqoigeet to Lonsdts asdw dtom -2Youboxq 


7 


,°T0.0 lo asuisv oA ts meigodsmoita t9qeq edd mo ebesd sd? .2torto 

-e9biisioose-ylog 10 -ogifo of bnogesTz09 02.0 bas 208.0 
ovig 0% etsasa “sbitbydnA 2’ rgiree ted? noitsev1sedo. ovods 8aT 5 
fedt ee9fnocbet ,anottibnos bisbaste eft a9sbie 2ebieoouly-a yt 
ifame es Yio ynoktoss1 astesodd10 odt nt stakbomirstor ne ef te Uk mS 


-utzog oft ,auiT .stuer aetdt yd ebs9201q enokttioss2 sdt to mort 


-x3 sidstosiqgs as ot w1ol ton ee0b yidsdorzq K etsibemisink 
24bL9R tsbuu alodeols dtiw etose2 "sbiabydaA a! fgiza" nodw 
io yaw yd yiorem besootq taum nortoss2 sit bastasl - venokea 
of nsblew diiw gut. 9btxoge betenotoxag oft to stslyeor-O-1 

26W i9m00S-p sdy to Bisby ofT .129tnes cizomones oft Ts 

-¥ 26 inet steibsmzeta: te wos? setas yam tk bas | 
beavlri.to-bios oft of bsenu enotdsibnos coho a 

oft io NOLIHSi Aspens SeuRD pom SHH sasteseds 70 ott 20 ave 


Suig-G-8& (yYqoide#h somte gasbive |F eobivooula-a 


“09 noktoset sat robe stetotstum fou sy wei 


yietifau ylemeatie et 7% ne eee oF Bho 
Jo bestent gioryg Fyxoabyt sent & baeteey 3 a | ’ 
lo eblsty oft o&lA .ststoxstom bho : oe 


ee | 


re a 


a - i) i 


ad th 


pri: fa 


acne 
7 
| tiene 
5 7 i) 
oe S op ** 


too 


alkyl 3,4,6-tri-O-acetyl-+8-D-glucopyranosides were much higher 
Starting from "Brigl's Anhydride" than from the orthoacetates. 

The reaction of the dimethyl orthocarbonate (49) under the 
Standard reaction conditions but without the addition of an al- 
cohol, as may be expected in the light of the further elucidation 
of the reactions of orthoesters under acidic conditions, gave rise 
to very little methyl glucoside formation if any. The volatile 
component at 6.18T in the n.m.r. spectrum of the reaction mixture 
is almost certainly dimethyl carbonate. Since the starting mater- 
ial was not pure dimethyl orthocarbonate (49), the methoxy signals 
of low intensity at 6.437 and 6.53T assigned to a- and B-methyl 
glucosides and the methoxy-carbonyl group at 6.17T are probably 
due to the impurities that were present in the reactant. 

It was found that when triethyloxonium fluoroborate (75) was 
used as the catalyst in an attempt to form a-glucosides from 
orthoesters, a small amount of a disaccharide was isolated crys- 
talline. Its high rotation of [a], + 228° in chloroform indicated 
an a,a-linked disaccharide. The n.m.r. spectrum (Fig. 59) taken 
with an HR 100 Varian spectrometer together with double irradiation 
experiments proved the structure to be hexa-O-acetyl-1',2-anhydro 
[2'-(a-D-glucopyranosyl)] a-D-glucopyranose. Because of the sym- 
metry of such a structure, the protons in one pyranose ring will 
have identical chemical shifts with those in the other ring. The 
trapiet at 4,600T, Spacing 9.5 C.p.S. 1S readily assigned to the 3- 
proton, coupled diaxially to the 2- and 4-protons. It is relative- 
ly strongly deshielded compared to the other protons because of 


the 1,3-diaxial relationship with the anomeric oxygen. At 4.987, 
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Hexa-O-acetyl-1' ,2-anhydro-[2'-(a-D-glucopyranosy1) ] 
a-D-Glucopyranose (100 Mc.p.s.), Discussion p. 161 
for Details of Decoupling (Chloroform). (Acetyl 
Signals at reduced amplitude). 
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Spacing 3 c.p.s., and at 5.011, spacing 9 c.p.s., are the anomeric 
and 4-protons respectively. The two 6-protons and the 5-proton 
occur in the expected region of about 5.8-6T but are not well re- 
solved. The 2-proton is found at 6.03T as a quartet. Since the 
3- and 4-protons are chemically well shifted it is safe to assume 
(115) spacings can be equated with the coupling constants, i.e. 

3 c.p.S. coupling with the anomeric proton and 9.5 c.p.s. with the 
3-proton. The acetyl groups are found at 7.90T, intensity corres- 
ponding to one group, and 7.99T, intensity corresponding to two 
groups. That the acetyl group at 7.90T is relatively well de- 
shielded may be due to the probable boat conformation of the 1,4- 


dioxane ring which connects the pyranose rings (Diag. 5). 
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It is seen that the 3-O-acetyl groups are in a relatively congested 
area of the molecule. All the assignments made were confirmed by 
the double irradiation,experiments....Thus.a side band 143 c.p.s. 
upfield from the 3-proton caused the latter to collapse from a 
triplet to a doublet (Fig. 59a). The weak splitting of the two 
peaks of the doublet are considered to be due to long range coup- 
ling. Similarly a side band 111 c.p.s. upfield from the anomeric 
proton resuited an its collapse to a singlet (Fig. 59b). Finally, 
a Side band at 42 c.p.s. downfield from the 4-proton caused it to 
form an ill-defined doublet (Fig. 59c), on which the anomeric sig- 
nal was superimposed as a doublet. The structure of the disacchar- 
ide is thus in no doubt. However, it only comprised a small frac- 
tion of the product of the reaction. The major product was shown 
on deacetylation and paper chromatography to consist of material 


Mien Re Vaaune Of O.22, and it 1s thus probably a disaccharide. 


G 
Since it was non-reducing (the silver nitrate spray reagent did 

not reveal any band), it is most likely a diastereoisomer of the 
above anhydrodisaccharide. It was not further characterized, but 

is probably the q,B-linked isomer. When hydrogen fluoroborate was 
prepared by adding ispropanol to the triethyloxonium f luoroborate 
Salt in methylene chloride to ensure the presence of a proton donor, 
essentially the same course of reaction was obtained, as determined 
by a comparison of the n.m.r. spectra of the crude reaction product 
(Fig. 58) and of the paper chromatograms of the deacetylated prod- 
uct. 


The reactions of orthoesters alone or with alcohols in the 


presence of acid catalysts are obviously potentially of great sig- 
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nificance, principally with regard to the formation of a-gluco- 
sides but also for the preparation of new disaccharides or oligo- 
saccharides. It appears that many new fields of research have 
been opened up, all both exciting theoretically and mechanisti- 
Pee and) aleq trom a practical, viewpoint. «Without the aid of 
meget physical tools. and 1n particular nam.re spectrometers, pro- 


gress in this field would be very slow. 
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